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professional look to your projects. 
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The President base station. 

In the manner to which you've become accustomed. 


People have come to associate superb quality with 
President CB. 

And rightly so. When we build a base station, we go 
all out. 

Every President base station is a masterpiece of 
performance, with a full complement of controls and 
indicators for your enjoyment of CB at its absolute best. 

The Madison is a good example: the finest 40 channel 
base yet achieved by the President engineering art. 

It's a single sideband CB, with a full 4 watts output on 
AM, 12 watts peak envelope power on single sideband for 
extraordinary performance, range and total talkpower. 

Despite unsurpassed 
receiver sensitivity, 
bleedover just isn't a 


Two big meters read signal strength received, relative 
RF output, modulation and standing wave ratio. 

There's a digital LED channel indicator. Three more LED; 
to indicate when you're on upper sideband, lower sideband 
or AM. Still another LED glows when you're transmitting. 

A built-in variable mike gain control eliminates the neec 
for a separate powe r m i ke. 

We've even given the Madison's big speaker its own 
separate cabinet, so you can put it where it sounds best. 

Your local CB specialist is the place to find President 
equipment. Plus the best in accessories and service, includin 
installation, warranty back-up and the 

most expert advice in towr 



^. oroblem. Our adjacent 
/channel rejection sets a 
' ^standard for the industry. 

And you can set your own 1 
-standard of sensitivity with * 
a variable RF gain control. 

A digital clock turns 
on the radio at a 
pre-selected time. An alarm reminds you of schcduledcall^^^ 
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iAsk him about the new 
Madison base station. 

It's unequivocally 
[President. 

In the grand manner. 


passmen* 

Engineered to be the very be? 


16691 Hate Avenue - lr 

























The Age of Affordable Personal 
Computing Has Finally Arrived. 


Ohio Scientific has made a major breakthrough in small com¬ 
puter technology which dramatically reduces the cost of per¬ 
sonal computers. By use of custom LSI micro circuits, we have 
managed to put a complete ultra high performance computer 
and all necessary interfaces, including the keyboard and power 
supply, on a single printed circuit board. This new computer 
actually has more features and higher performance than some 
home or personal computers that are selling today for up to 
$2000. It is more powerful than computer systems which cost 
over $20,000 in the early 1970’s. 

This new machine can entertain your whole family with spec¬ 
tacular video games and cartoons, made possible by its ultra 
high resolution graphics and super fast BASIC. It can help you 
with your personal finances and budget planning, made possible 
by its decimal arithmetic ability and cassette data storage capa¬ 
bilities. It can assist you in school or industry as an ultra powerful 
scientific calculator, made possible by its advanced scientific 


math functions and built-in "immediate” mode which allows 
complex problem solving without programming! This computer 
can actually entertain your children while it educates them in 
topics ranging from naming the Presidents of the United States 
to tutoring trigonometry all possible by its fast extended BASIC, 
graphics and data storage ability. 

The machine can be economically expanded to assist in your 
business, remotely control your home, communicate with other 
computers and perform many other tasks via the broadest line of 
expansion accessories in the microcomputer industry. 

This machine is super easy to use because it communicates 
naturally in BASIC, an English-like programming language. So 
you can easily instruct it or program it to do whatever you want, 
but you don’t have to. You don’t because it comes with a com-- 
plete software library on cassette including programs for each 
application stated above. Ohio Scientific also offers you 
hundreds of inexpensive programs on ready-to-run cassettes. 
Program it yourself or just enjoy it; the choice is yours. 
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Ohio Scientific offers you this remarkable new computer two ways. 



Challenger IP $349 

Fully packaged with power 
supply. Just plug in a 
video monitor or TV 
through an RF con¬ 
verter to be up and 
running. 


Superboard II $279 

For electronic buffs. Fully 
assembled and tested. Re¬ 
quires + 5V. at 3 Amps 
and a video monitor or TV 
with RF converter to be up 
and running. 


—Standard Features- 

■ Uses the ultra powerful 6502 microprocessor 

■ 8K Microsoft BASIC-in-ROM 

Full feature BASIC runs faster than currently available 
personal computers and all 8080-based business com¬ 
puters. 

■ 4K static RAM on board expandable to 8K 

■ Full 53-key keyboard with upper/lower case and user 
programmability 

■ Kansas City standard audio cassette interface for high 
reliability 

■ Full machine code monitor and I/O utilities in ROM 

■ Direct access video display has IK of dedicated memory 
(besides 4K user memory), features upper case, lower 
case, graphics and gaming characters for an effective 
screen resolution of up to 256 by 256 points. Normal TV's 
with overscan display about 24 rows of 24 characters; 
without overscan up to 30 X 30 characters. 

Extras 

■ Available expander board features 24K static RAM (addi¬ 
tional), dual mini-floppy interface, port adapter for printer 
and modem and an OSI 48 line expansion interface. 

■ Assembler/editor and extended machine code monitor 
available. 


Interested in a bigger system? Ohio Scientific offers 15 
other models of microcomputer systems ranging from 
single board units to 74 million byte hard disk systems. 


_ORDER FORM__ 

i Order direct or from your local Ohio Scientific dealer. | 

I □ I’m interested. Send me information on your: | 

| □ Personal Computers □ Business Systems | 

| □ Send me a Superboard II $279 enclosed | 

| □ Send me a Challenger IP.$349 enclosed | 

| □ Include 4 more K of RAM (8K Total) $69 more enclosed | 

• Name _: 

| Address _:___,_| 

J City_:_State_Zip_ 

I Payment by: BAC (VISA) _MasterCharge _Money Order _| 

Credit Card Account #_:__ 

I Expires_Interbank #(MasterCharge) _ I 

■ Ohio Residents add 4% Sales Tax ■ 

. TOTAL CHARGED OR ENCLOSED _ 

1 All orders shipped insured UPS unless otherwise requested. FOB Aurora, OH J 

tMOSCIHVmC 

America’s Largest Full Line Microcomputer Company 
1333 S. Chillicothe Road • Aurora, Ohio 44202 (216) 562-3101 
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GOULD PROFESSIONAL 
OSCILLOSCOPES AT PRICES 
YOU CAN AFFORD. 


Whatever your interest 
in electronics, you know 
that a quality oscilloscope 
with a broad range of 
features and functions 
can make your work a lot 
easier. Gould oscillo¬ 
scopes are built to solve 
your problemsand priced 
so you can afford the 
professional equipment 
you need right now. All 
are complete, ready for 
use, including passive 
probes, input leads and 
a comprehensive main¬ 
tenance and operation 
manual. 



allowing a clear display 
of all waveforms. 


The OS253 is a 12MHz 
dual-channel scope with 
all the features of the 
OS245A plus a larger dis¬ 
play area, more sensitivity 
and channel sum and 
difference. 

The dual trace OS255 
weighs only 15 lbs. yet 
offers features normally 
found in more expensive 
instruments such as 
flexible triggering facilities 
and 2mV/cm sensitivity 
across its full 15MHz 
bandwidth. 


For additional informa¬ 
tion on this exciting new 
line of sensibly priced, 
professional oscilloscopes 
or for sales locations in 
your area: call toll free 
(800) 325-6400 Ext. 77. 

In Missouri call (800) 
342-6600. 


The OS245A is a com¬ 
pact, dual trace instrument 
with a 10MHz bandwidth 
and 5mV/div sensitivity. It 
has exceptional trigger 
performance and a full 
compliment of facilities for 
industrial, educational, and 
field service applications. 



The dual beam OS260 
gives true representation 
of two separate signals 
on the same time frame 
without beam chopping or 
alternating. Features 
include a high brightness 
CRT operating at lOkV 


Gould also manufac¬ 
tures an additional line of 
general purpose oscillo¬ 
scopes for industrial, 
scientific and laboratory 
applications. 

■> GOULD 
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BUILD ONE 
OF THESE 

37 

Pro Quality String Synthesizer 

Latest innovation in electronic music synthesizers is easy to build 
yet gives the soloist and small groups the background needed to 
enhance the performance. 


42 

Solar Tracking System 

Electronic servo system swivels the solar collector panel so it 
follows the sun. 


45 

Audio Test Station 

Part 2: Not an easy project. This all-in-one unit combines several 
important test instruments. Build it a section at a time. 

GENERAL 

ELECTRONICS 

4 

Looking Ahead 

Tomorrow's news today. 


49 

Cases A Cabinets for Everyone 

Another installment of a roundup showing cases for projects and 
where you can get them. 


53 

PC/Wire Wrap—New Construction Technique 

Combining wire-wrap with a printed circuit is the answer to many 
layout and construction problems. See how an expert does it. 


68 

You Can Be A CET 

Another quiz to help you get ready to take the NESDA/ISCET CET 
test. 

COMMUNI¬ 

CATIONS 

63 

Troubleshooting Communications Receivers 

The right signal generator plus good diagnostic ability and precise 
bench techniques lead to rapid 2-way radio repairs. 


65 

FM Detector and Filter Tests 

Proper operation of FM detectors is vital to reliable operation of 
2-way radio gear. Here’s how they work and how to keep them 
working. 

STEREO 
HI-FI 
PRO SOUND 

56 

New IHF Amplifier Specifications 

New testing standard makes amplifier comparisons more realistic 
for the layman. Provides a closer correlation between what he 
hears and what the lab technician measures. 


59 

R.E.A.L. Audio Tests Yamaha CR-420 AM/FM Receiver 

Earns a "Very Good" for overall sound quality. 


62 

R.E.A.L. Audio Tests SAE 4100 Time Delay System 

Rates an "Excellent” for overall sound quality. 
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74 

Hobby Corner 

Learn solid-state circuitry as you complete your monophonic music 


76 

Computer Corner 

8085—A look at two memory IC’s that are among the 8085 family 
of devices. 


80 

Jack Darr’s Service Clinic 

Troubleshooting starter circuits in pulse-width modulated power 


81 

Service Questions 

R-E’s Service Editor solves technician problems. 

EQUIPMENT 

REPORTS 

24 
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A.P. Products Powerace 103 Breadboard & Power Supply 

Simpson 462 Digital Multimeter 


32 

C.W. Moser 6502 Editor Assembler 
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Hustler MOT Monitor Antenna 


DEPARTMENTS 122 Advertising Index 

14 Advertising Sales Offices 
92 Computer Products 
78 Communications Products 
123 Free Information Card 
16 Letters 


97 Market Center 
6 New A Timely 
96 New Literature 


ON THE COVER 

It looks like an electronic organ, 
but it isn’t. It is a string synthe¬ 
sizer. Plunk the keys and play a 
banjo, or guitar, or piano, or. 
. . . Build one for yourself. 
Construction details start on 
page 37. 
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Videodisc mergers? Although many different 
noncompatible videodiscs have been demonstrated, as 
outlined previously (“Looking Ahead,” Videodisc 
boxscore, November, 1978), the multiplicity of these 
systems may evaporate or dwindle as manufacturers face 
reality. The optical system, which basically was a 
compromise between similar Philips and MCA systems, is 
already being produced by Magnavox (videodisc players) 
and MCA Disco-Vision (videodisc records) in the United 
States. In Japan, the joint Japanese-American company. 
Universal Pioneer, plans to start player production this 
year. 

So the optical system is the one manufacturers wish to 
stop, if they want to field simpler nonlaser players. 
Nonlaser systems have been demonstrated by RCA, 
Matsushita, JVC, Toshiba and Telefunken—the latter now 
being on limited sale in both Europe and Japan in a 
10-minute-per-disc version. The RCA and JVC versions 
are capacitance systems. Matsushita and Telefunken are 
classified as mechanical systems. Except for RCA and 
Toshiba, which are compatible, the systems have little in 
common except that they’re nonoptical. They all use 
grooved discs (except for JVC) and spin at 450, 900, or 
1800 rpm. Even the center-hole diameters are different. 

Although it’s not official yet, there’s strong evidence to 
suggest an effort will be made to bring all these systems 
into compatibility before commercializing them. The 
resulting system—if there is one—is expected to have 
some features of the optical version, such as being able 
to provide slow and fast motion but to be potentially less 
expensive in terms of players and perhaps discs. The 
result could be a sort of “stop-Philips” effort; in effect, 
optical vs. nonoptical systems. Although this situation 
isn’t ideal, two “standards” are preferable to five or six. 

New watch display: Electrochromic displays are 
claimed to be price-competitive with LCD’s, but have 
some major advantages. The first company to announce 
the commercialization of this technique is Sharp, which 
says it will have a line of ECD’s this spring. 

Several companies have been working on ECD’s for 
four or five years. These displays use metallic chemicals 
that change to a dark color when a voltage is applied. 
Once changed, they retain their color until the voltage is 
reversed—a power-saving feature. They have 
considerably higher visibility than LCD’s, primarily 
because their image is nondirectional. They can be 
manufactured in any color, and the numerals stand out 
clearly against a contrasting background. The color of 
Sharp’s initial displays will be blue. Electrochromic 
w displays are relatively slow and, in their initial 
o development, at least, it was felt they were not fast 
o enough for calculators. Sharp hasn’t stated whether its 
F product will have a calculator display, 
o 

uj TV developments: A new single-gun color tube, 

O scheduled to be sold this year in small-screen 
Q battery-powered sets manufactured by Matsushita, is 
cc claimed to have an extremely low power drain, making it 

4 


possible for a set to operate for three hours on nine 
flashlight batteries. Its color phosphors are separated by 
black control stripes that emit ultra-violet rays for beam 
indexing. If this sounds familiar to some color TV 
oldtimers, it bears a striking similarity to Philco’s widely 
demonstrated (but never produced) “Apple” tube of the 
1950’s. 

Photochromic glass has been used in windows and 
sunglasses, and now it may be adapted to 
black-and-white TV. The Corning Glass product darkens 
under strong light and lightens when ambient light is less 
intense. For outdoor viewing of a portable TV, the glass 
darkens enough to eliminate the need for a separate 
plastic sunshield. For indoor viewing, the glass 
lightens—providing proper contrast under all viewing 
conditions. Corning is now working on the development of 
a glass that darkens enough to provide these 
contrast-enhancing features. 

“Picture-in-picture” TV is offered in Europe as a special 
feature that lets the viewer watch two channels 
simultaneously, the supplementary channel being 
superimposed in a corner or at the bottom of the 
large-screen color picture. The only trouble is, the 
secondary picture is in black-and-white. Now, Hitachi says 
it has changed all that and will be selling a two-picture 
color set in which both the main and the superimposed 
pictures are in color. A digital semiconductor memory 
makes it possible to provide the second-channel insert in 
color. 

In-flight video: Video tape is about to take over for film 
in the airborne movie business. Bell & Howell has sold 
American, Continental and Laker Airlines on a new 
technique that uses a modified VHS Vi-inch videocassette 
recorder and a projection TV system. Among the 
advantages of a VHS system is the size of the cassette, as 
contrasted with the large 16-mm movie reel used in film 
systems. And with film systems, the reels generally are 
changed by engineers on the ground. Flight attendants 
can easily flip a cassette in the VCR, which is mounted in 
a luggage rack. The projector uses three side-by-side 
5-inch monochrome projection tubes, weighs 65 lbs. and 
is installed in the cabin ceiling. The picture is projected 
onto a standard 30- by 40-inch pull-down screen. Bell & 
Howell says it plans to introduce a home version of the 
projector this year for built-in and conventional 
installations. Its advantages over other home systems, as 
claimed by the manufacturer, are: it’s bright enough to be 
able to use any flat movie screen, or even a light-colored 
wall, instead of a parabolic directional screen. 

Another new Bell & Howell “why-didn’t-they-think- 
of-it-before” system for the airlines is a wireless 
headphone for stereo music or movie sound. For the 
high-ceilinged new planes, Bell & Howell will also supply 
wireless attendant-call and light-switch systems. 


DAVID LACHENBRUCH 

CONTRIBUTING EDITOR 










Automotive "brain” astounds the 
experts, puts both compute r and 
cruise control at your fingertips! 


For the first time ever, you can put a true com¬ 
puter in your car, truck or RV which gives you the 
most effective and functional cruise control ever 
designed, plus complete trip computing, fuel 
management system, and a remarkably ac¬ 
curate quartz crystal time system. It is called 
CompuCruise TM . 

So simple a child can operate, the new 
CompuCruise combines latest computer 
technology with state-of-the-art reliability in a 
package which will not likely be available on 
new cars for years to come. 

CRUISE CONTROL WITH A MEMORY, UNIQUE 
SEEK-AND-HOLD CAPABILITY. 

CompuCruise remarkable cruise control per¬ 
forms in a totally different manner than any 
other unit because it is more than a simple 
speed maintaining device. With CompuCruise, 
you establish your desired cruising speed even 
before you reach the highway and activate the 
system any time by simply pressing a button. 
CompuCruise then seeks and maintains the 
desired speed until you override or shut off the 
system. You resume cruise control again at any 
time by pressing the same button. Com¬ 
puCruise, unlike most vacuum-mechanical 
systems, is fully electronic, more accurate and 
more reliable than any other unit you can buy. 



Similar to types of computers used on modern 
airliners, the CompuCruise slim panel-mounted 
control module contains a digital readout and 
back-lighted control buttons, both readily visible 
in the dark. By quickly learned systems of in¬ 
quiry, the driver can elicit virtually any informa¬ 



tion relating to time, distance, fuel and perfor¬ 
mance of his vehicle. 

There are a number of digital-type instruments 
on the market which can be purchased for your 
car, purporting to provide functional data on per¬ 
formance, but all are basically calculators, 
operating on fixed information provided by the 

CompuCruise is a true computer, operating 
from automatic data sensors which constantly 
react to changing conditions, automatically 
recomputing vital data every second. Each func¬ 
tion operates independently, with data dis¬ 
played and updated constantly until you change 
your request of the computer. 

Fuel management takes on new significance 
because CompuCruise tells you the most effec¬ 
tive driving speeds, the type and brand of 
gasoline most suitable for your vehicle. It will 
tell you the effects of different types of tires and 
different tire pressures, road conditions, and 
engine tune-up condition. You can get instan¬ 
taneous computations on current gas mileage, 
fuel required to arrival, and actual fuel remain¬ 
ing. 

Battery condition can be checked regularly, 
saving you from the potential embarassment of 
being stranded without warning. 


TYPICAL DATA: 
s Cruise Control 

Time, E.T., Lap Timer, Alarm 
s Time, Distance, Fuel to Arrival 
^ Time, Distance, Fuel to Empty 
s Time, Distance and Fuel on Trip 
Current or Average MPG, GPH 
s Fuel Used, Distance since Fillup 
Current and Average Vehicle Speed 
s Inside, Outside or Coolant Temperature 
Battery Voltage 
English or Metric Display 


COMPUCRUISE tm digital quartz crystal 
TIME SYSTEM IS INCREDIBLE. 

CompuCruise digital time system performs 
four independent time functions encompassing 
(a) stop watch and lap timer functions, (b) hours, 
minutes and seconds, (c) alarm or warning func¬ 
tion, and (d)trip time indicator. The time system 
operates full time, whether your vehicle is 
operating or not. It will even wake you up after a 
short roadside nap. 



YOUR COMPUCRUISE IS SMART! IF YOU PUSH THE WRONG BUTTON 
IT WILL LET YOU KNOW BY DISPLAYING "ERROR". 

COMPUCRUISE tm WORKS ON FOREIGN OR 
AMERICAN CARS; IS PRICED FOR THE 
AVERAGE MAN’S BUDGET 

You do-it-yourselfers can readily install the 
unit, but complete and detailed instructions are 
also included for the automotive service facility. 
CompuCruise units are fully operable on most 
foreign or American cars, trucks or RV's. At 
$199.95 the unit is only a few dollars more than 
the cost of cruise control alone on most 
vehicles, yet offers a whole new world of com¬ 
puterized management functions. 

This is an exclusive system, fully warranted 
for 90 days from installation, delivered to you 
complete with all required hardware. You need 
only basic tools for the total job. 

When you receive your unit, inspect it com¬ 
pletely. If you are not 100% satisfied, return the 
complete unit before installation and your 
money will be refunded without question. 

TO ORDER YOUR UNIT, complete the coupon 
below, enclosing $199.95 (ADD $5.50 if front- 
wheel drive). This covers all shipping, insurance 
and handling costs. Your unit will be shipped 
within three weeks. 


NOTE: Mountable on foreign or domestic 
vehicles including standard trans. EXCEPT 
FOR DIESEL OR FUEL INJECTED ENGINES. 




TO; ZEMCO, Inc. (415)935-4960 

1136 Saranap Avenue 
Walnut Creek, CA 94595 


Ship_CompuCruise T M units @ $199.95 

Model 44 (WITH CRUISE CONTROL) 

□ Add $5.50 for front-drive 

Ship_CompuCruisejM Units @ $159.95 

Model 41 (WITHOUT CRUISE CONTROL) 

□ Add $5.50 for front-drive 

Total enclosed: $_ 

(CA residents add Sales Tax) 

Charge to my □ Master Charge □ Visa 
Card Number _ 


Make vehicle;_ 

Address: _ 

City:_State & Zip_ 
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new & timely 


Electronic music newsletter 
now available 

A monthly newsletter, Device, is now 
available to those in the electronic music 
field. The publication covers such topics as 
new product reviews of musical equipment, 
construction articles, circuit-design fea¬ 
tures, etc.; it carries no advertising and is 
entirely subscription-supported. Yearly 
rates: $15 (U.S.); $16 (Canada/Mexico); 
$18 (international). For information, write 
Device, P.O. Box C, Carmichael, CA 
95608. 

ANIK-B COMMUNICATIONS 
SATELLITE 



ANIK-B, a domestic communications satellite, 
has been constructed by RCA Astro-Electron¬ 
ics for Telesat Canada. It is the first such satel¬ 
lite to operate in the dual frequency bands of 6- 
and 4- GHz and 14- and 12- GHz. A Telesat engi¬ 
neer is shown here performing antenna pattern 
measurements. The mirrors are part of the 
thermal system that keeps the spacecraft at 
cool operating temperatures. 

Bell Labs scientists 

win 1978 Nobel Physics Prize 

Bell Labs scientists Dr. Arno A. Penzias 
and Dr. Robert W. Wilson received the 
1978 Nobel Prize in Physics jointly with 
Professor Piotr Kapitsa of the Moscow 
Academy of Sciences (Prof. Kapitsa re¬ 
ceived his award for his work in low- 
temperature physics). 

Drs. Penzias and Wilson won their 
shared prize for their work in cosmic micro- 
wave background radiation. As early as 
1964, when they were using a Bell Labs 
antenna to search for radio noise sources 
that were interfering with satellite commu¬ 
nications, they discovered a faint pervasive 
radio signal that remained steady round 
the clock, season to season—an unusual 


and unique phenomenon. After eliminating 
possible sources of the signal (such as the 
Milky Way, the sun, poorly fitted antenna 
joints, even nesting pigeons!), the conclu¬ 
sion became inescapable—the signal was 
the result of the radiation still remaining 
after the big bang that had created the 
universe approximately 2 billion years ago. 
Their conclusions were verified by Profes¬ 
sor Robert H. Dicke of Princeton who had 
been conducting similar studies. 

Although the “Big Bang” theory had 
been known to astro-physicists for a long 
time, up until Penzias and Wilson’s discov¬ 
ery of the background radiation, the theory 
had never been satisfactorily verified. 
When the two physicists (along with Prof. 
Dicke and his co-workers independently) 
published their results, their discovery was 
finally understood to be a major break¬ 
through in understanding the origins of the 
universe. 

Videocassette exchange 
service available 

Owners of Beta and VHS Vi-inch format 
VCR's can avail themselves of the services 
provided by the Video Cassette Exchange 
Division of Discotronics Inc., New Jersey, in 
which customers can either buy or ex¬ 
change videocassettes at greatly reduced 
rates. 

The 1979 catalog lists approximately 600 
prerecorded film titles, some of which have 
never been seen on TV. The company also 
offers trade-in privileges that are similar to 
those of a rental library. And, for conve¬ 
nience, they also provide a nationwide 
home pickup service for a small charge. For 
more information, contact Robert Ed¬ 
wards, Discotronics Inc., 50 North Main 
Street, Cranbury, NJ 08512. 

New communication service 
proposed by radio amateur group 

In 1977 amateur radio operators of 
WA2RPC (Center for Advanced Study in 
Education, Graduate School of CUNY, New 
York City) filed a petition with W2KPQ, 
requesting the implementation of a com¬ 
munity service that would use the commu- 
nicasting concept to broadcast messages 
on UHF channels. 

Communicasting uses a low-power com¬ 
munity-based repeater station that can 
transmit audio and video signals up to a 
30-mile radius, using a high antenna. The 
repeater station receives signals from dif¬ 
ferent areas of the community and then 
transmits them via any unused UHF TV 
channel. The petitioning group additionally 
requested that low-power facilities be ex¬ 
empt from the usual rigid broadcast stan¬ 
dards in an effort to keep costs down. 

Praising the communicasting concept, 
the FCC has stated that: “The petition and 
comments by others suggest an imagina¬ 


tive and potentially beneficial public service 
television concept ... an activity that 
deserves considerable attention in the 
overall inquiry.” 

Swiss watch firm designs 
microminiature DMM 

Heuer Time & Electronics, Inc., watch 
and timepiece manufacturer, has taken the 
plunge into the world of microelectronic 
instrumentation by designing what it calls 
“the world’s smallest digital multimeter,” 
using the company’s experience in micro- 
miniaturizing watches. 

The model DM 2000 meter (displayed for 
the first time at Newcom ’78, Las Vegas) 
weighs less than 3 oz., including probe and 



MICROMINIATURE DIGITAL MULTIMETER pro¬ 
vides multiple ranges, modern microminiaturi¬ 
zation techniques, remote-control probe, LCD 
readout and high reliability. The instrument 
weighs less than 3 oz., including probes and 

batteries, and (minus probe) measures only 
4 X 0.78 X 0.47 inches. In addition to its 
four measurement range capability—to 
1000 DC, 700 VAC, AC/DC current to 2 
amperes, and resistance to 20 megohms— 
two major technical features lie in its true 
AC RMS measurement and complete RF 
shielding. It also provides up to 100-hour 
battery life, an error-free LCD display (due 
to its remote-control probe), plus great reli¬ 
ability for field-service applications where 
accuracy and portability can be vital. 

The model DM 2000 is expected to sell 
for $450. For further information, write 
Hans J. Kueffer, Heuer Time & Electronics, 
960 South Springfield Avenue, Springfield, 
NJ 07081. 

Newsflash! 

As we’re about to go to press, we’ve 
received word that Texas Instruments has 
received type-approval from the FCC on a 
computer that connects to the antenna 
terminals of a TV receiver. Could it be that 
Texas Instruments will be entering the 
home computer market? Formal introduc¬ 
tion of this new device is scheduled to take 
place at the Consumer Electronics Show, 
continued on page 12 



















new design... 
new features...unique, 

time-tested principle! 


Weller controlled output soldering station 

Model WTCPN. New convenience-features. Striking contemporary appearance. 
Completely new design. Now more than ever in a class by itself. Only Weller’s 
advanced engineering could have improved on its own predecessor WTCPL 
Station, popular standard of the electronics industry. 



• new heat shield for cool operator comfort 

• new plug-in iron design for zero down-time 

• new integral tip-storage tray 

• new larger sponge for easier tip cleaning 

• improved, unitized rocker switch and neon indicator light 

• new impact-resistant case 

And add to these new features Weller's unique, proven, closed-loop, low-voltage 
circuit, with its “interchangeable brains” in the tip ... a ferromagnetic sensor 
that controls the temperature at 600, 700, or 800°F., protecting sensitive 
workpieces. To change temperatures, simply change tips with knurled thumb¬ 
screw. More than 50 options in configuration, tip size, reach, and temperature! 
Exclusive-process triple-plating prevents tip oxidation and “freezing”. 

With all these new features and exclusive principles, Model WTCPN is still all 
function ... no frills! It’s UL-listed and OSHA-compliant, of course. And now it’s 
available at leading electronic distributors ... coast-to-coast. See it there. 

For technical information, write on your letterhead. 


Electronics Division 


TheCooperGroup 








Everybody^ making money 
sellinq microcomputers. 
Somebody's going to make money 
servicing them. 

New NRI Home Study Course Shows You How to Make Money Servicing, Repairing, 
and Programming Personal and Small Business Computers 












Seems like every time you turn around, 
somebody comes along with a new 
computer for home or business use. 
And what’s made it all possible is the 
amazing microprocessor, the tiny little 
chip that’s a computer in itself. 

Using this new technology, the 
industry is offering compact, affordable 
computers that wiff handle things like 
payrolls, billing, inventory, and other 
jobs for businesses of every size...per¬ 
form household functions including 
budgeting, environmental systems 
control, indexing recipes, and more. 
And thousands of hobbyists are already 
owners, experimenting and developing 
their own programs. 



Growing Demand for 
Computer Technicians 

This is only one of the growth 
factors influencing the increasing 
opportunities for qualified computer 
technicians. The U.S. Department of 
Labor projects over a 100% increase in 
i job openings for the decade through 
\ 1985. Most of them new jobs created by 
^the expanding world of the computer. 

Learn at Home 
in Your Spare Time 

NRI can train you 
for this exciting, rewarding 
field. Thin you at home 
to service not only micro¬ 
computers, but their larger 
brothers, too. Thin you at 
your convenience, with 
clearly written “bite-size” 
lessons that you do evenings 
or weekends, without 
going to classes 
or quitting your 




Assemble Your Own 
Microcomputer 

NRI training goes far beyond 
theory. It includes practical experience, too. 
As you progress, you perform meaningful 
experiments building and studying elec¬ 
tronic circuits on the NRI Discovery Lab.® 
You assemble test instruments that in¬ 
clude a transistorized volt-ohm meter and 
a CMOS digital frequency counter... instru¬ 
ments you learn on, use later in your work. 


And you build your own microcomputer. 
Each step of construction advances your 
knowledge, gives you deeper insights 
into this amazing world that’s upon us. 

This is the only microcomputer de¬ 
signed for learning. It looks, operates, and 
performs just like the finest of its kind... ac¬ 
tually does more than many commercial 
units. But NRI engineers have designed 
components and planned the assembly 
procedure so it demonstrates important 
principles, gives you working experience 
in detecting and correcting problems. 

And that’s 
what NRI 
training 
is all 
about. 


Other Opportunities 
in Electronics 

Since 1914, before commercial radio 
was even on the air, NRI has been the way 
to learn new electronics skills. Ibday’s 
modem offerings include, in addition to 
three different computer courses, TV/Au¬ 
dio/Video Systems Servicing, with training 
on the only designed-for-leaming 25” 
diagonal color TV, with state-of-the-art 
computer programming. Or, check out 
our Complete Communications Course, 
preparing you to enter this booming 
field servicing, installing, and repairing 
equipment like microwave, broadcast, CB, 
shortwave radio, paging, radar, and more. 

Mail Postage-Paid Card 
for Free Catalog 
No Salesman Will Call 

Send today for your free copy of our 
100-page, full-color catalog. It describes all 
of our electronics courses in detail, show¬ 
ing kits, equipment, and lesson plans. 
Look it over at your convenience, then 
decide how NRI can help you make the 
most of your talents. There’s no obligation 
and no salesman will ever call or bother 
you. With more than a million students 
and unmatched experience in home train¬ 
ing, NRI gives you the most in training 
for new opportunity! If card has been 
removed, write to: 

I NRI Schools 

I McGraw-Hill Continuing 
I Education Center 
j 3939 Wisconsin Avenue 
| Washington, D.C. 20016 
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which will be held in Las Vegas on January 
6-9. 

We have also learned that Atari is pre¬ 
paring to introduce a BASIC interpreter for 
their programmable video game. This will 
also be introduced at CES. 

Admiral TV production is 
discontinued 

Rockwell International Corporation re¬ 
cently announced that it would discontinue 
all its Admiral TV products. Admiral mar¬ 
keting activities are currently being phased 
out, and, once current commitments are 
fulfilled, all production will cease at the 
Harvard, IL, and Taiwan plants. 

Charles Fazio, president of Rockwell’s 
consumer operations, has emphasized that 
the company would continue to provide 
warranties, service and spare parts sup¬ 
port; iand added that the phasing out of its 
TV production would enable Rockwell to 
concentrate its efforts on its ongoing appli¬ 
ance business and other operations. 

The reason given for discontinuing the 
Admiral TV line was “intense price compe¬ 
tition, particularly from Japanese sources,” 
which the company felt did not justify any 
additional outlay of its resources. 

Two-layer solar cell provides 28% 
conversion to electricity 

Varian Associates, Inc., of Palo Alto (un¬ 
der contract to the Department of Energy’s 
Scandia Labs) has developed a prototype 
solar cell system that converts 28.5% of the 
sun’s rays to electricity. 

The Varian system uses two different 
cells—an aluminum gallium arsenide (Al- 
GaAs) cell and a silicon cell—to perform 
the conversion. A special filter between the 
cells separates solar radiation into long 
and short wavelengths; it permits the long¬ 
er rays to penetrate the silicon cell, while 
allowing the shorter rays to pass through 
into the AIGaAs cell. This effect is achieved 
by using a concave mirror to focus the solar 
energy onto the filter. The AIGaAs cell 
converts 17.4% of the rays to electricity, 
while the silicon cell converts 11.1% of the 
rays. 

Sandia Labs supervisor Dr. Donald G. 
Schueler predicts that by 1986, photovolta¬ 
ic systems “will produce electricity for $1 
per-peak-watt of installed capacity, or from 
6<t to 8<t per kilowatt-hour.” 

Sprague and Johnson receive 
EIA awards 

During its fall 1978 conference, the Elec¬ 
tronic Industries Association voted to 
award the EIA Medal of Honor to Robert C. 
Sprague, Sr., for his devotion and long 
years of service to the Association and the 
electronic industry. Among Mr. Sprague’s 
most recent accomplishments are his ef¬ 
forts to revise the Custom Penalty Laws to 


remove unfair penalty provisions for the 
industry. Active for many years in EIA, he 
was a member of the Board of Governors 
since 1943 and board chairman from 
1950-1954. This is the second time Mr. 
Sprague has won the EIA Medal of Honor, 
the first having been 25 years ago. The 
presentation will be made at ElA’s spring 
1979 meeting. 

At the same conference, Raymond E. 
Johnson, EIA general counsel, received the 
EIA Distinguished Service Award, the first 
staff member to be so honored. Mr. John¬ 
son has served as EIA general counsel 
since 1970 and was elected corporate sec¬ 
retary in 1972. He received his award for 
his years of distinguished service to EIA 
and his involvement in the Association on 
all levels. 

RCA electron gun sharpens 
color TV pictures 

RCA Laboratories and the technical staff 
of the RCA Picture Tube Division have 
developed a device that is used to create 
sharper color television pictures. This latest 



color TV tubes to create sharper pictures. 

development is a new kind of electron gun 
that “shoots” invisible beams at color 
phosphors on the picture tube face. The 
result is improved focus and, thus, sharper 
pictures. The gun, which is now in commer¬ 
cial production, can be used on any size 
picture tube. 

The results of this joint effort were pre¬ 
sented in a paper delivered at the annual 
Chicago Fall Conference on Consumer 
Electronics by Picture Tube Division engi¬ 
neers Richard H. Hughes and Jim Y. 
Chen. 


Metal-tape standards 
surveyed at ITA meeting 

Representatives of companies manufac¬ 
turing record and playback equipment, au¬ 
dio tape, duplicating equipment and ferric 
oxide attended a late 1978 meeting of the 
Audio Technical Executive Committee of 
the International Tape Association (ITA), to 
discuss industry-wide standardization of 
metal audio cassette tape. 

However, because record/playback and 
erase heads are still not standardized, the 
committee could not come to any firm-deci¬ 
sion about standards for metal tape. Sev¬ 
eral companies, however, stated their 
readiness to enter the metal-tape market. 

Among these were 3M Company, which 
already introduced their metal-particle Me- 
tafine tape, and Sharp Electronics with its 
prototype metal-tape recorder. Panasonic 
is presently developing metal-tape cassette 
decks and a duplicator for ’A-inch VHS 
videocassettes. Fuji and 3M together are 
working on high-energy contact duplication 
of metal-particle videotape. BASF plans to 
introduce its metal-tape product at the 
1979 Berlin Fair. Other companies continu¬ 
ing their R & D activities are Ampex, Maxell, 
Sony and TDK. Oxide supplier Hercules, 
Inc., said it would be producing metal-tape 
particles in quantity by 1979. 


FCC asks, should TV sets be 
graded? 

The Federal Communications Commis¬ 
sion has started an inquiry to determine 
whether it should set up a system for grad¬ 
ing TV receivers, since it feels that custom¬ 
ers do not presently have enough informa¬ 
tion to help them select the best TV’s and 
antennas for their needs. Here are some of 
the questions the FCC is asking: 

1. If the consumer wants more informa¬ 
tion on TV systems, what kinds of data 
should be made available, how should it be 
presented and would it really improve one’s 
ability to select a set? Should the equip¬ 
ment have a permanent label affixed? 
Should there be a brochure enclosed with 
each set? A letter-grading system, or a 
descriptive grade system (i.e., “excellent,” 
“good,” etc.)? 

2. Some TV sets experience “snow” on 
the picture screen that is the result of 
noise. Should TV receivers show, the maxi¬ 
mum noise value for that set? How should 
this be presented to the public? 

3. Should each purchased set contain 
more installation and operating instruc¬ 
tions than are presently provided? 

Deadline for filing comments with the 
FCC is February 1, 1979. The docket num¬ 
ber is Gen. Doc. 78-307, and for a copy of 
the notice, write Consumer Assistance Of¬ 
fice, Federal Communications Commis¬ 
sion, Washington, DC 20554. R-E 
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Fiill Performance,"Portable/Benchtop” 
Digital Multimeter! 


Sinclair’s new DM235. The best 
digital meter value in the world at 
$89.95! 

The Sinclair DM235 provides full facilities 
for every application, including field ser¬ 
vicing, testing and laboratory work, at a price 
no other digital multimeter can approach. 

High accuracy, resolution and input imped¬ 
ance are combined with a large, wide-angle 
LED display to provide quick, clear, unambig¬ 
uous readings wherever you use it. 

Automatic polarity selection, simple clear 
controls and the use of a single input terminal 
pair for all functions, provide for maximum 
convenience in operation. 

The DM235 measures DC = and AC 1 ' 1 
volts, EXT = and AC ^ current, and resist¬ 
ance in a total of 21 ranges (with an additional 
5 diode test ranges), giving it the versatility to 
tackle any job. 

The display is a full 3 l /z digits reading to 
± 1999. Large, high brightness 8mm LEDs 
give clear, unambiguous readings with an 
ultra wide angle of view. And an LED display 
means proven life-time reliability. 

The Sinclair DM235 is fully portable and 
has complete independence of AC line via 
operation from four C size (R14) cells. Alterna¬ 
tively, where continuous operation on the 
bench is required, an optional AC adaptor/ 
charger is available. To increase flexibility 
still further, a rechargeable battery pack and 
an eveready carrying case with neck strap 
are also available as options, as is a 30kV 
probe. 

A sensible new concept in meter design for 
use on the bench or in the field! 

Up till now, choosing a meter suitable for 
use on the bench and in the field hasn't been 
easy. Either you bought a bulky, bench 
instrument that was awkward to carry around, 
or a hand-held portable that was difficult to 
use on the bench. The Sinclair concept is 
different — by keeping the thickness down 
to only a fraction over W (40mm) and the 
weight down to under ll^lbs (650gms), we've 
produced an instrument that has all the 
advantages of conventional bench meters, 
but packs neatly into any tool kit or brief case. 


• Fully protected • Accuracy is quoted as a 
percentage of reading • Resistance ranges 
provide a diode test facility at 5 decade steps 
of current • Automatic overrange indication 
by horizontal bars • Automatic decimal point 
placement • Facility for battery condition test 

• Reading rate 2/2 per second • Temperature 
coefficient <0.05/° 1 of applicable accuracy 
specification* Dimensions 10" X 5.8" X 1.6" 
(255 X 148 X 40mm) • Weight less than 1 Vi 
lbs (640gms) 

Features you’d expect to pay $200 or more 
for: 

• Lightweight, but extremely rugged cycolac 
case (stackable) • Large, bright, wide angle 
LED display reading to ± 1999 • Automatic 
polarity selection • Industry standard 10Mn 
input impedance 0.5% of reading basic 
accuracy ‘Full multimeter facilities including 
AC^> current • Resistance measurement up 
to 20M £2 • Direct reading of semi-conductor 
forward voltages at 5 different currents • Sim¬ 
ple, unambiguous controls with readings 
always in volts, mA or K n • Selection of all 
functions from a single input terminal pair 

• Automatic decimal point placement* Auto¬ 
matic overrange indication • Operation from 
disposable or rechargeable cells, or from AC 
adaptor/charger • 1 year over-the-counter 
service policy • ZVz digit resolution 


The Sinclair DM235 at $89.95 has all the 
features you'll most likely ever need. There 
is no reason to pay more, whether your 
application is to outfit a team of engineers, 

or for the hobbyist. It is fully protected, 
amazingly rugged (drop it without damage), 
lightweight, stackable...the advantages go 
on and on. And with Sinclair's innovative 
"Portable Benchtop" design, the DM235 is 
truly the only meter you'll ever need whether 
you are in the shop, on the road, or at work in 
the field. 

A background of experience 

It is part of a new range of instrumentation 
based on 'state-of-the-art' circuit design and 
complements an impressive record of elec¬ 
tronic world firsts — from programmable 
ocket calculators to miniature T.V.s — where 
inclair has held a world lead through innova¬ 
tive electronics. 

Supplied Complete with test leads and prods, 
and operator's instruction manual 

Try the Sinclair DM235 for 2 weeks - No 
obligation. 


Call toll free: 1 -800-235-6945. 

Calif, res. call: 805-966-7187. 


Or send coupon: 















letters 


THE TERM “BAUD” EXPLAINED 

The article entitled ‘‘Digital Data Trans¬ 
mission-How A Computer Communi¬ 
cates” (May 1978 issue) provides a highly 
readable introduction to the subject that 
many novice computer enthusiasts will find 

00 01 10 11 10 10 01 00 

enlightening. However, the author commits 
a “technical foul” in making the unqualified 
statement that the term “baud” is used 
interchangeably with the term “bits-per- 
second." 

The term baud means the number of 
times-per-second the line condition 
changes. If the line condition represents 


the presence or absence of a single bit (as 
in two-state signaling), then the signaling 
speed in bauds is the same as bits-per- 
second. If, however, the signaling is not 
two-state, then bauds are not equal to bits- 
per-second. The latter condition exists, for 
instance, in “di-bit” or four-state signaling 
(see diagram), in which the baud rate is 
equivalent to the number of bits-per-sec- 
ond times two. 

This explanation is an adaptation from 
Introduction to Teleprocessing by James 
Martin, a reference I recommend for those 
interested in further exploring the subject 
of digital data transmission. 

MARVINO A. HILL 
Los Angeles, CA 

THE FUTURE OF ELECTRONICS 

This is in answer to your September 1978 
editorial in which you invited readers to 
send in their look at the future of electron¬ 
ics. Your No. 4 idea is not at all far out. At 
the very least, should gravity prove to be 


meta- or paraphysical, control of the suc¬ 
cessful anti-gravity device will almost cer¬ 
tainly be electronic in nature. 

Electronics touches all fields of activity, 
even if remotely. Thus, all one has to do is 
just settle back and enter the light-trance 
state to foresee some very likely develop¬ 
ments in coming decades. Whatever they 
may be, electronics will play a major part in’ 
their initiation, development, production, 
use and, yes, even in their eventual obso¬ 
lescence. Here are my “predictions”: 

Transportation: In but half a century we 
have seen a transition from the horse to 
500-passenger aircraft; the motor car has 
changed our life so drastically that should 
we run out of fuel our society as we know it 
would die like the dinosaurs; and the loco¬ 
motive has been relegated to hauling 
freight. And still the insatiable appetite for 
travel expands. 

One mode of transportation will revolu¬ 
tionize public, private and personal trans- 
continued on page 23 



Clever Kleps 




Test probes designed by your needs — Push to seize, push 
to release (all Kleps spring loaded). 

Kleps 10. Boathook clamp'grips wires, lugs, terminals. 
Accepts banana plug or bare wire lead. 4%" long. $1.59 
Kleps 20. Same, but 7" long. $1.69 

Kleps 30. Completely flexible. Forked-tongue gripper. Ac¬ 
cepts banana plug or bare lead. 6" long. $1.99 

Kleps 40. Completely flexible. 3-segment automatic collet 
firmly grips wire ends, PC-board terminals, connector pins. 
Accepts banana plug or plain wire. 6Vi" long. $2.89 

Kleps 1. Economy Kleps for light line work (not lab quality). 
Meshing claws. 4Vi" long. $1.09 

Pruf 10. Versatile test prod. Solder connection. Molded 
co phenolic. Doubles as scribing tool. “Bunch” pin fits banana 
O jack. Phone tip. 5Vi" long. $ .99 

g All in red or black - specify. (Add 50( postage and handling). 
§ Write for complete catalog of - test probes, plugs, sockets, 
connecjop, earphones, headsets, miniature components. 


a 


rye 



A vailable through your local 
distributor, or write to: 

RYE INDUSTRIES INC. 

127 Spencer Place, Mamaroneck, N.Y. 10543 
In Canada: Rye Industries (Canada) Ltd. 

CIRCLE 22 ON FREE INFORMATION CARD 


Where’s the 

screwdriver? 


PI 


They're hard to find. They get lost. (And they 
get dirty.) 

With a Platt tool case, that wouldn't happen. 
It’s designed so you’ll know where everything 
is. Smaller tools are in individual pockets in 
our patented one-piece pallet. Larger tools and 
parts are in compartments. And papers and 
order book are in lid pockets. (Everything is 
neat and clean.) 

Platt’s tool case helps you look more professional. 
_es in handsome, lightweight, durable ABS Thermo¬ 
looking vinyl reinforced by ABS Thermoplastic, 
also has a 5 year guarantee. 

Dr complete information on 
if tool cases and your nearest 

5 Cases for business and industry. 


idj i nermopiasuc. 

plait 



2301 S. Prairie Ave.. Chicago, Ill. 60616 (312) 225-6670 
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CIRCLE 61 ON FREE INFORMATION CARD 





























TO 


ALL THE MOST WANTED FEATURES 
AT A MOST WANTED PRICE. 


■••• 


IG Zz" HIGH LCD DISPLAY 
SE INDOORS OR OUT 
00 HOUR 9V BATTERY LIFE 



$ 74.95 


HICKOK 


Here is the handfull of 
accuracy you’ve been 
waiting for. Hand- 
" somely encased. 
Compact. Efficient. 
k Only 8 ounces. 
iiA Hickok’s exciting, 
1 new LX 303, 3)4 
® digit Mini-Multime- 
r ter with high quality 
components, one 
I year guarantee 
| and rugged Cyco- 
lac® case offers 
I features previously 
f found only in ex¬ 
pensive units. . .at a 
price under $75.00! 
So why wait any 
longer? The 
amazing LX 303 
is here, NOW! 
Another American 
made test equip- 
r ment breakthrough 
" from Hickok, The Value 
Innovator. Order today! 


tl Hickok distributor or order below 


DC VOLTS (5 RANGES): O.lmV to 1000V; Accuracy 
±0.5% rdg ±0.5% f.s.; Input imped: 10M n; Max. 
input 1 kV except 500V on 200mV range. 

AC VOLTS (40Hz to 5kHz): 0.1 V to 600V; Accuracy: 

±1.0% rdg ±0.5% f.s. (—2dB max. at 5kHz); Max. 

input: 600V. \ j 

RESISTANCE (6 LOW POWER RANGES): 0.1 Oto 

20MO; Accuracy: ±0.5% rdg ±0.5% f.s. (±1.5% rdg 

on 20Mn range); input protected to 120VAC all 

ranges. 

DC CURRENT (6 RANGES):.01 nA to 100mA; 
Accuracy: ±1.0% rdg ±0.5% f.s. 

DIMENSIONS AND WEIGHT: 5-7/8" x 3-3/8" x 
1-3/4", 8 oz.; POWER: 9V battery (not included) or 
Hickok AC adapter; READ RATE: 3/sec. 


ADVANCE Ur-. 
ELECTRONICS^^ 


10036 212-687-2224 


_RC-3 AC Adapter, 115VAC (220VAC avail.) .@ 

_CC-3 Deluxe Carrying Case .@ 

_VP-10 X10 DCV Probe Adapter .@ 

_CS-1 10 A DC Current Shunt .@ 

I _VP-40 40 KV DC Probe .@ 

j Payment end. □ Bill my: Master Charge □ VISA □ 
j Account #_ Exp. Date_ 





































Tirngotta 

SilOp iilHMIinK 



When you do.vou*ll probably pick ( IK. 

Ion can’t afford to settle for 
less when it comes to something like 
electronics training that could 
affect your whole life. 








^Mfhen you shop around for 
tires, you look for a bar¬ 
gain. After all, if it’s the same 
brand, better price—why not 
save money? 

Education’s different. 
There’s no such thing as “same 
brand.” No two schools are 
alike. And, once you’ve made 
your choice, the training you 
get stays with you for the rest 
of your life. 

So, shop around for your 
training. Not for the bargain. 
For the best. Thorough, profes¬ 
sional training to help give you 
pride and confidence. 

* * * 

If you talked to some of our 
graduates, chances are you’d 
find a lot of them shopped 
around for their training. They 
pretty much knew what was 
available. And they picked CIE 
as number one. 

VVliy you should 
shop around yourself. 

We hope you’ll shop around 
Because, frankly, CIE isn’t for 
everyone. 

There are other options 
for the hobbyist. If you’re the 
ambitious type—with serious 
career goals in electronics — 
take a close look at what 
we’ve planned for you at CIE. 
What you should look 
for first. 

Part of what makes elec¬ 
tronics so interesting is it’s 
based on scientific discoveries 
— on ideas! So the first thing to 
look for is a program that starts 
with ideas and builds on them! 

That’s what happens with 
CIE’s Auto-Programmed® 
Lessons. Each lesson takes one 
or two principles and helps you 
master them—before you 
start using them! 

How practical 
is the training? 

This is the next big impor¬ 
tant question. After all, your 
career will be built on what you 
can do — and on how 
well you do it. 

Here are 
ways some 
of CIE’s 
trouble¬ 
shooting 
programs 
help you get 
your “hands-on” 
training... 

With CIE’s 
Experimental 
Electronics * 
Laboratory... ■* 


you learn and review the basics— 
perform dozens of experiments. 
Plus, you use a 3-in-l precision 
Multimeter to learn testing, 
checking, analyzing! 



When you build your 
own 5 MHz Triggered- 
Sweep, Solid-State Oscil¬ 
loscope you take your first 
real professional step. You use 
it as a doctor uses an X-ray 
machine—to “read” waveform 
patterns... lock them in... 
study, understand and inter¬ 
pret them! 

When you get your 
Zenith 19-inch Di ago nal 
Solid-State Color TV you 


apply your new skills to some 
real on-the-job-type trouble¬ 
shooting! You learn to trace 
signal flow... locate malfunc¬ 
tions ... restore perfect operat¬ 
ing standards —just as with any 
sophisticated electronics 
equipment!^ 





When 

you work with a completely “ 
Solid-State Color 
Bar Generator— 

actually a TV signal 
transmitter—you study _ 
up to ten different 
patterns on your TV i 
screen... explore digi- ■ 
tal logic circuits... observe I 
the action of a crystal-con¬ 
trolled oscillator! 

Of course, CIE offers a 
more advanced training pro¬ 
gram, too. But the main point is | 


simply this: 

All this training takes 
effort. But you’ll enjoy it. And 
it’s a real plus for a trouble¬ 
shooting career! 

Do you prepare for 
your FCC License? 

Avoid regrets later. Check 
this out before you enroll in 
any program. 

For some troubleshooting 
jobs, you must have your FCC 
License. For others, employers 
often consider it a mark in your 
favor. Either way, it’s govern¬ 
ment-certified proof of specific 
knowledge and skills! 

More than half of CIE’s 
courses prepare you for the 
government-administered FCC 
License exam. In continuing 
surveys, nearly 4 out of 5 CIE 
graduates who take the exam 
get their Licenses! 

Shop around... but send 
for CIE’s free school 
catalog first! 

Mail the card. If it’s gone, 
cut out and mail the coupon. If 
you prefer to write, men¬ 
tion the name and date 
of this magazine. We’ll 
sendyou a copy of CIE’s 
FREE school catalog— 
plus a complete pack¬ 
age of independent 
home study information! 
For your convenience, 
we’ll try to have a repre¬ 
sentative contact you to 
answer your questions. 

Mail the card or coupon — 
or write: CIE, 1776 East 
17th St., Cleveland, 

OH 44114. 


cie: 


□ YES... I’m shopping around 
for the right kind of career training 
in electronics troubleshooting —and 
CIE sounds well worth looking into. 
Please send me my FREE CEE school 
catalog—including details about 
troubleshooting courses—plus my 
FREE package of home study 
information! RL " 5 


Check box for G.I. Bill information: 
□ Veteran □ Active Duty 

Hall today! 
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Completely 
pre-assembled 
and pre-tuned 

Just take it out of 
the package, and 
install it on the 
car. No tuning 
necessary... 
check it out with 
a watt meter and 
see for yourself! 


Super-good looking 
low silhouette 
design. 

Your choice of 
cup colors 
design-coordinated 


60 Stainless steel 
tapered whip... 
and NO spring -— 


These new 

Persuader Antennas 
low profile,extra long whip 
deliver performance 
equal to, or better than 
anything else on the road! 


There’s a hand-wound, hand-tuned 
coil in the cup... 

a major advance in 
antenna technology 
from the Antenna Pros 
field tested and 
field proven by 
thousands of CBers 



Only 34.98 suggested retail. Compare 

with K-40 at $38.50 or any other antenna. You’ll see 
there’s no comparison. 


5 year guarantee 

Materials and workmanship of PERSUADER ANTENNAS 
(Models 13505 & 17605) are guaranteed for a full five years 
if this antenna is installed by the dealer and a full three years 
if this antenna is installed by the consumer. 

Any part that fails within the guarantee period will be replaced absolutely free 
provided the registration card has been completely filled out and returned to 
Antenna Incorporated. 



A word from the Old Pro: 

When you buy this antenna, 
my reputation... built over 38 years in 
the antenna business... will be riding on 
your roof. I'm confident that the 
Persuader Antennas will persuade you... 
you've chosen the Best. 

M.R. Friedberg, President 
Antenna Incorporated 


In stock at your dealer now... 

or call the Antenna Hotline.. .1-800-447-4700. 

(Illinois:800-332-4400; Sorry, no Hotline service in Alaska or Hawaii). 

H HI Charge to Visa or Master Charge... and we'll 
Wpilili have your nearest dealer ship your Persuader 
Antenna promptly, in the mount and color of your choice. Hotline 
orders add $1.50 for shipping and handling. Applicable local 
taxes extra. Allow 2 to 4 weeks for delivery. 


The family of fine antennas from the fine antenna family. 

1 Antenna i 

26301 Richmond Road. Cleveland, Ohio 44146 (216) 464-7075 
In Canada: Cordon Import Canada Ltd., RO. Box 937 Hamilton. Ontario L8N 3P9 
Antenna Incorporated, International Division. RO. Box 1002 Rockville Centre. New York 11571 











These features will 
persuade you... 

The Persuader" Antenna 
is Your Best 
Antenna Choice 


60" Stainless Steel Tapered 
Whip...and No Spring 

The super-long whip increases the aperture of the 
antenna. This increases 

• the signal capture area on reception 

• the transmit signal and radiation intensity at the 
horizon 

• bandwidth to well over a 40-channel capability 
The .125" diameter whip is tapered, so shock is 
distributed evenly. There’s no spring to stretch, 
break, or bend the whip away from the straightest 
possible upright position. 

Exclusive coil-in-cup design 

Loading of most low-profile antennas is by a simple 
printed circuit board that can’t be tuned and will 
eventually burn out. These new Persuader anten¬ 
nas are completely pre-assembled and pre-tuned 
and feature an actual hand-wound, hand-tuned 
copper wire loading coil tested with 500 watts, 
rated at 100 watts continuous. It’s even more effi¬ 
cient than our base-loaded coils because it’s 
wound to a larger diameter, with fewer turns. 

This unique design also involves fewer mechani¬ 
cal and electrical connectors—fewer resistive con¬ 
tacts between loading coil and cable termina¬ 
tions—less chance for dust, moisture or road 
gunk to contaminate the contacts. 

This concept has been field tested by thousands 
of CBers in our Model 13503 (shorter whip, plain 
white cup). Your good buddies will tell you every¬ 
thing we say about it is true. 


Available with Trunk-Lip or 
Magnet Mount 

tor performance: 

• SWR of 1.5:1 or less across all 40AMandSSB 
channels. 

• Shunt-fed loading coil is DC grounded for quiet 
performance; bleeds off static from rain, snow, air 
particles. Performance is virtually identical to body 
mount antennas. 

• Center-roof placement of magnet mount pro¬ 
vides your most uniformly omni-directional signal. 
(Can also mount on trunk lid). 

• Unique Antenna Incorporated design provides 
capacitive coupling. Aluminum plate puts the 
ground potential right at the mounting surface. 

for convenience: Magnet and trunk lip, 
the two easiest installations! Place the antenna 
where you want it, plug the cable into the trans¬ 
ceiver. No holes to drill. Readily removed for anti¬ 
theft protection. Magnet mount supplied with 12' 
RG-58/U coaxial cable with PL-259 type connector; 
trunk lip mount with 17' of cable. 

for magnet mount adherence: 

Heavy-duty Vk" magnet in plastic cup with soft 
rubber gasket. Holds at top highway speeds of 55 
mph. (Trunk lip mount recommended for vinyl roof 
cars.) Since it won’t walk, it won’t detune! “Oil¬ 
can” effect of cup; resting on gasket, provides a 
larger magnet plane than if the magnet itself were 
touching the surface—yet there’s less weight on 
the car, less scratch potential. 


All magnet mount benefits 

are standard... 

not an extra-cost accessory! 


LETTERS 
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portation: The Transmatter! It is inconceiv¬ 
able that electronics will not play a major 
role in bringing the matter transceiver out 
of the sixth dimension and into the fifth, 
perhaps by the year 2000. 

The workhorse locomotive will continue 
to be the major transport for heavy goods. 
Two excellent substitutes besides anti-grav 
for the rails: freight transmatters and auto¬ 
mated factories that will manufacture any 
product (including foodstuffs) locally upon 
demand. An automated factory that might 
use hydrogen from water as its raw materi¬ 
al would certainly use electronics in 100 
interconnected ways. 

Entertainment: Stage plays have given 
way to movies, and movies in turn have 
been taken over by TV. The same play that 
was artfully done for 1978 airwaves, can 
carry its message via satellite simulta¬ 
neously to easily a hundred million, or even 
a couple of billion viewers. 

The future patron of the arts must be so 
enraptured by sight, sound, smell, etc., that 
he becomes the protagonist. While we 
might anticipate that we’ll tap into nerve 
endings surgically to heighten the total 
effect, it is more likely that a helmet fitted 
over your head will have the desired effect. 
Electronic? Of course. 

Students of metaphysics declare that ev¬ 
eryone who ever lived is recorded in the 
“Akashic” records “out there” in the sixth 
dimension. Assume that there is such a 
record, most certainly one day a workshop 
experimenter will discover the way to tap 
that great recording at will and select out 
one at a time of the billions of recordings 
that exist in that “other dimension,” like 
tuning across AM, FM, SSB, CB, etc. 
frequency bands. Through the simple ap¬ 
plication of tuned resonance or PLL, we’ll 
separate each (recording) to be received 
serially, and the roar of “pure noise” will 
change to recognizable intelligence. 

To any who say that everything’s been 
invented, I can only reply, “There are more 
things in heaven and earth, Horatio, than 
are dreamed of in your philosophy!” 

A READER 
Geyserville, CA 

HEAT ENGINE EFFICIENCY 

Mr. Smiles’ letter in the August 1978 
issue merits congratulations for compact¬ 
ness, but I have never seen so much misin¬ 
formation packed in so little space! 

The limiting efficiency of heat engines (of 
which the internal combustion engine is 
one type and not the most efficient, at that) 
is determined by the second law of thermo¬ 
dynamics. According to this law, the limit¬ 
ing efficiency is determined by the equa¬ 
tion: 



where T„ represents the high-temperature 
side of the engine and T c , the low-tempera¬ 
ture side of the engine. 

For an internal combustion engine, the 
high temperature can be taken as the com¬ 
bustion temperature, which is approxi¬ 
mately 1700°C or 2000°K (Kelvin or abso¬ 
lute temperature); my conversion is not 
exact, but the value is only approximate. 


The low temperature is the temperature at 
which the gas is exhausted from the cylin¬ 
der, which can be taken as 500°K. Then, 
the theoretical limiting efficiency of such an 
engine is easily calculated as 75%, which is 
far greater than Mr. Smiles’ value of 30%. 

It is true, of course, that present-day 
internal combustion engines are far less 
efficient than the value calculated above. 

This is due to practical limitations on what 
type of engines can be constructed eco¬ 
nomically, a far cry from the theoretical 
limitation Mr. Smiles complains about. 

However, there is an even greater flaw in 
his argument. This lies in assuming that the 
efficiency of converting light into electricity 
by a photovoltaic cell is limited by the same 
considerations that limit heat engines, 
when in fact such a cell is not a heat engine. 

The best analogy in this case is that of a 
storage battery that is charged and dis¬ 
charged at the same temperature. If heat- 
engine considerations were applied to this 
case, the above equation would indicate 
that E=0, so that no matter how much 
energy you could transmit to the battery, 
none would be extracted. However, real 
storage batteries are 80% to 90% efficient, 
as is the photocell. There is no theoretical 
reason why the efficiency could not be 
created as high as desired, although there 
may be practical reasons for not doing so. 

DR. HOWARD MARK 
Suffern, NY 

CABLE TV CONVERTERS 

With reference to the Looking Ahead 
article regarding the problem of cable TV 
converters used with VTR’s, perhaps you’d 
be interested in a few of the tricks we’ve 
come up with to get around the converter 
hassle. 

The first is quite simple: A few of the 
converter-only channels have harmonics 
that fall into the standard VHF TV broad¬ 
cast frequencies, although not, of course, 
right on top of the existing channels. If you 
off-tune the fine-tuning adjustment far 
enough, these harmonics can be received 
as clearly as on Channels 2-13, without a 
converter box. Just what can be received 
this way will vary from cable company to 
cable company; obviously not all stations 
can be picked up without the little black 
box (actually ours is brown). For a start, 
Channel “1” comes in just off Channel 7. 

Most color sets and some black-and-white 
sets have enough range to pull in these 
extra channels. Presumably, the tuners on 
VCR’s can also receive them (all our VTR’s 
are studio models without integral tuners, 
so I don’t know for sure). 

The second trick is a bit more complex: 

We “borrowed” it from Philips. Here in 
Canada converters cost around $100 a 
shot, except for Philips' little black box, 
which goes for $45. Rather than having a 
mass of buttons and a varactor tuner, their 
“converter” is just an oscillator that shifts 
everything up into the TV’s UHF frequency 
band, where the UHF tuner can sort out the 
extra channels, much like the front end of a 
superheterodyne radio. We’ve built up sev¬ 
eral circuits to do this, and, of course, they m 
are very simple. jg 

Thank you for the prolific video material c 
you put into Radio-Electronics. 5 

STEVE RIMMER 

The Underground Tube <o 

Markham, Canada 3 
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equipment reports 


AP Products 
Powerace Model 103 
Breadboard Systems 

THE POWERACE SERIES OF SOLDERLESS BREAD- 
boarding systems manufactured by AP Prod¬ 
ucts adds the convenience of combining vari¬ 
ous built-in power supplies, meters, LED indi¬ 
cators, switches, debouncing circuits, and 
pulse and clock generators on the basic plug-in 
matrix boards. If you do a fair amount of IC 
breadboarding, the usefulness of built-in 
sources and monitors is well worth their addi- 

The model 103 Powerace includes three 
fixed-voltage power supplies. The alternative is 
to use three separate, or even combined, 
supplies, which, with their bulk and intercon¬ 
necting leads, add greatly to the cost of a basic 
breadboarding system and severely restrict its 
portability. 

In the Powerace model 103, a slanted 
control panel contains the data and logic 
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switches, power-supply distribution buses, a 
voltmeter and an on-off switch. The nearly 
horizontal breadboarding section is a 1680 
terminal—a solderless panel composed of two 
AP Products Super Strips. 

The Powerace model 103 has self-contained 
+ 5-volt power supplies, plus tracking + 15- 


volt and — 15-volt power supplies. Ripple and 
noise measurements are less than or equal to 
10 mV under full load, and load and line regu¬ 
lation is better than 1% for all three power 
supplies. The 5-volt supply is current-rated to 
650 mA, and the 15-volt supplies are rated to 
250 mA each. The power supplies are pro¬ 
tected with a l-amp fuse in the transformer 
primary, and their outputs are brought out to 
four-terminal distribution buses. 

The zero-center, 5% accuracy voltmeter is 
calibrated from — 15 to +15 volts and is wired 
to a solderless bus strip on the panel. One side 
of the meter and its corresponding four termi¬ 
nals are wired to the power-supply ground. 

Two LED driver/displays (LI and L2) are 
mounted on the control panel; each consists of 
an LED and a single solderless terminal that is 
used to jumper to the logic points that will be 
monitored on the breadboard section. Each 
LED indicator is driven by a Darlington-tran¬ 
sistor-connected circuit with an LED current- 
limiting resistor and a 100K base input resis¬ 
tor. The maximum input drive current is 1 
pA. 



THIS SIGN 



ON YOUR DOOR 
(wall, truck, or caddy) 


TELLS YOUR CUSTOMERS 
THAT YOU ARE THE P.R.I.D.E. 
OF ELECTRONICS SERVICE 


Your NESDA membership says you are: 

Professional, Reliable, Industrious, 
Dependable and Ethical 

Don't YOU want to 
say nice things about 
YOUR business? 

JOIN NESDA 

write tor information to. 

NESDA. 1715 Expo Lane 
Indianapolis. IN 46224 
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An Extraordinary Offer to introduce you to the benefits of Membership in 

ELECTRONICS BOOK CLOB 


invites you to take £ 
this 1,302-page ^ 
robotics library 
for only 


-v Robotics Library as part of an unusual offe 
of a Trial Membership in Electronics Book Club. 

Here are quality hardbound volumes, each 
especially designed to help you increase your 
know-how, earning power, and enjoyment of elec¬ 
tronics. Whatever your interest in electronics, 
you’ll find Electronics Book Club offers practical, 
quality books that you can put to immediate use 
and benefit. 

This extraordinary offer is intended to prove 
to you through your own experience, that these 
very real advantages can be yours... that it is pos¬ 
sible to keep up with the literature published in 
your areas of interest, and to save substantially 
while so doing. As part of your Trial Membership, 
you need purchase as few as four books during the 


Only $1.99 for 
ALL FOUR! 


r List 
Price $47.80 

Top-Quality 

Hardbinding 

Contains the 
very latest 
info on 
Robotics! 

Almost 800 
illustrations 

Contains over 
500,000 words 

1,302 data- 
packed pages 


coming 12 months. You would probably buy at 
least this many anyway, without the substantial 
savings offered through Club Membership. 

To start your Membership on these attrac¬ 
tive terms, simply fill out and mail the coupon 
today. You will receive the 4-volume Robotics 
Library for 10-day inspection. YOU NEED SEND 
NO MONEY. If you’re not delighted, return the 
books within 10 days and your Trial Membership 
will be cancelled without cost or obligation. 
ELECTRONICS BOOK CLUB. Blue Ridge Summit. Pa. 17214 


Digital Interfacing With An Analog World 


A GIANT 406-page handbook that shows you how to design 
circuits to interface microprocessors, computers, telephones, 
and other digital devices with the analog world...that shows you 
how to really put your microcomputer to work to measure certain 
conditions, or to control external devices.Tells you all about how 
to go about it—how to convert energy produced by pressure, 
force, position, temperature, etc. into an electrical voltage or 
current your microcomputer can deal with. It shows you, tells you, 
describes and discusses things you can do with those I/O ports 
other than connect them up to a prefabricated peripheral! It’s a 
"meaty" volume chock-full of practical info on a wide range of 
topics for engineers, computer hobbyists, engineering techni- 
cians, and robotics builders. 406 pps., 277 illus. List $12.95. 


|The Complete Handbook Of Roboticsj 


microprocessor “brains"—PLUS how to interface robots with 
computers! It's a single sourcebook that contains all the 
techniques you'll need for creating, designing, building, and 
operating your own robot from beginning to end...with enough 
options to create a whole family of robotic wonders—controls 
can be electrical or electronic; power can be electrical, hydraulic, 
or pneumatic; your robot can operate by radio control or with a 
full range of sensors to move about on its own. This practical 
volume gives ALL the info needed to build a walking, talking 
friend and companion, or even a helpful servant. Includes 7 
Chapters on advanced robot circuits, controls, and sensors. 364 
pps., 137 illus. List $12.96. 


Facts About Club Membership 


• The 4 introductory books carry a publisher's retail price of 
$47.80. They are yours for only $1.99 for all 4 (plus postage/ 
handling) with your Trial Membership. 

• You will receive the Club News, describing the current Selec¬ 
tion. Alternates, and other books, every 4 weeks (I3x a year). 

• If you want the Selection, do nothing; it will be sent to you 
automatically. If you do not wish to receive the Selection, or if you 
want to order one of the many Alternates offered, you simply give 
instructions on the reply form (and in the envelope) provided, 
and return it to us by the date specified. This date allows you at 
least 10 days in which to return the form. If. because of late mail 
delivery, you do not have 10 days to make a decision and so 
receive an unwanted Selection, you may return it at Club ex- 

• To complete your Trial Membership, you need buy only four 
additional monthly Selections or Alternates during the next 12 


purchase these four books. 

• All books—including the Introductory Offer—are fully return¬ 
able after 10 days if you're not completely satisfied. 


postage and handling charge. 

• Continuing Sonus: If you continue after this Trial Membership, 
you will earn a Dividend Certificate for every book you purchase. 
Three Certificates.plus payment of the nominal sum of $1.99 will 
entitle you to a valuable Book Dividend of your choice which you 
may choose from a list provided Members. 


■ ELECTRONICS BOOK CLUB 

* Blue Ridge Summit, Pa. 17214 
I Please open my Trial Membership in ELEC- 
| TR0NICS BOOK CLUB and send my 4-volume 

■ Robotics Library, invoicing me for only $1.99 
? plus shipping. If not delighted, I may return the 
I books within 10 days and owe nothing, and 
| have my Trial Membership cancelled. I agree 

■ to purchase at least four additional books 

■ during the next 12 months after which I may 
I cancel my membership at any time. 


B Address_ 

I 

| City- 

1 State_Zip_ 

■ (Valid for new Members only. Foreign and Canada add 15% ) RE-29 
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Two single-pole, double-throw (SPDT) data 
switches toggle between ground and the 5-volt 
power supply via an isolation resistor. Each 
SPDT switch can supply 10 mA, and four- 
terminal buses are provided for each. Two 
additional momentary contact Q-Q logic 
switches complete the controls. These SPDT 
switches toggle ground between the inputs of 
two 7403 flip-flops. The noninverted and 
inverted outputs of the two switch-controlled 
debouncing flip-flops are brought out to four- 
terminal buses. The flip-flops have a sink capa¬ 
bility of 15 mA in the low state, and supply up 
to 5 mA in the high state. 

The breadboard matrix itself uses tie-point 
blocks with 0.1- X 0.1-inch spacing. Two 
Super Strips are mounted side by side on a 
metallic ground plane, each strip with 25 five- 
terminal buses that can be chained to form 
supply ground feeders. Groups of five inter¬ 
connected terminals form insertion points for 
IC’s, with a total of 1280 tie points for plug¬ 
ging in circuit components. Nine 14-pin DIP’s 
can fit on the Super Strips, which are com¬ 
posed of acetal copolymer. Transistors, resis¬ 
tors, capacitors and diodes can be inserted in 
the board by bending their leads to the proper 
spacing. The solderless pins accept solid wire 
between sizes AWG No. 20 and No. 30. 

The model 103's instruction sheet comes 
complete with schematic and parts list so you 
know just where you stand in case you try 
some unconventional hookup. An optional 
breadboard jumper wire kit (No. 923351 JK1) 
contains a set of 350 No. 22 wires in 14 
lengths—0.1 to 5 inches; the kit sells for $10. 
The Powerace model 103 is priced at $124.95. 
AP Products Incorporated, Box 110-Q, 72 
Corwin Drive, Painesville, OH 44077. R-E 


Simpson Model 462 Digital 
Multimeter 
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SIMPSON ELECTRIC COMPANY (853 DUNDEE 
Ave., Elgin, IL 60120) has developed a very 
compact digital multimeter, the model 462. 
This DMM makes all the standard readings: 
AC/DC volts, ohms, and either AC or DC 
current, with an accuracy of 0.25% of reading. 
The display uses 3'/2-inch-high LED’s that are 
large enough to be read 15 feet away. 

Both AC and DC voltages start at a very low 
0-200-mV range. The DMM reads DC up to 
1000 volts, and AC to 600 volts RMS. The 
resistance range can be read from 1.0 ohm to 
20 megohms, with the lowest resistance range 
from 0-2000 ohms. 

Here comes the handy part: Both voltage 
ranges and the resistance ranges are autorang¬ 
ing. You can read any voltage from 0.01 to 
1000 VDC without any adjustment; all you 
have to do is move the test leads! Just “stick 
’em on” there and read the meter. Other 
features include fully automatic decimal-point 
placement and zeroing. Only the two lowest 


voltage ranges, 0-200 mV, are not autorang¬ 
ing. The lowest resistance range, however, is 
autoranging, and is selected by pressing the 
white auto pushbutton. All other ranges are 
manually selected by pressing one of five grey 
pushbuttons in the bottom row. 

You select the desired reading by pressing 
one of four black pushbuttons in the top row, 
marked K-Ohms, mA, 200 mV or V. The AC/ 
DC and on-off switches are push-push con¬ 
trols. All other controls are of the standard 
latching type; when one is pushed, the other is 
released. The pushbuttons are spaced far 
enough apart to allow a normal human finger¬ 
tip to hit only the one desired. (I’ve seen earli¬ 
er-model DMM’s where you had to use a darn¬ 
ing needle to hit ’em!) 

The model 462 is housed in a neat, compact 
and insulating plastic case. The test leads are 
recessed, no bare metal is exposed at all; test 
prods are also included with the model 462. 
The handles are corrugated with a guard ring, 
and the points are sharp. The test clips are well 
insulated; they screw on and won’t fall off, 
which can save you a lot of time fishing them 
out of tight places in the chassis that you 
happen to be servicing. 

The model 462 is powered by four heavy- 
duty type AF NiCad batteries. A special 
charging unit with a recessed plug comes with 
the instrument. Fully charged batteries pro¬ 
vide eight hours of use. The charger can be left 
permanently plugged in for bench work. For 
portable use, just pull the charger plug and 
take off. For emergencies when the heavy-duty 
batteries are not available, four A A NiCad 
batteries can be used, but they will provide 
only six hours of use. 

continued on page 32 




L BO-508 
^DUAL TRACE 
OSCILLOSCOPE 


A 20MHz OSCILLOSCOPE AT A 10MH z PRICE 

J TEST Y INSTRUMENT BY 


THE TEST EQUIPMENT SPECIALISTS 


MIDWINTER SPECIAL 

Regularly $769.95 now $639.95 
Including 2 probes 
Shipping not included 
Sale ends April 30, 1979 


FOR MORE INFORMATION OR TO ORDER CALL 

TOLL FREE HOT LINE m 

800 - 223-0474 *® 4 ’ 

ADVANCE-*-. 
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General Electric 
is your most complete source 
for general line and industrial 
electronic components!’ 


Your reputation is our reputation 

Tube Products Department • Owensboro, Kentucky 42301 


Train with NTS for the 

Microcomputers, digital 
the first name 
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The world of electronics is daily becoming more 
challenging. Technology is growing more, specialized, 
and the importance of digital systems increases 
every day. Test instruments, home entertainment 
units and industrial control systems are all going 
digital. And now, NTS training programs include a 
wider choice of solid-state and digital equipment than 
ever before offered in any home study course: 
Advanced NTS/Heath digital color TV (25" diagonal 
w with optional programming capability), NTS/Heath 
y microcomputer, digital test equipment, digital stereo 
g receiver (70 watts per channel), NTS compu-trainer, 
o plus much more state-of-the-art equipment to make 
cJ your training exciting and relevant. 

§ The equipment you receive with NTS training 
e programs is selected to provide you with a solid 


background in electronic systems. Kits and lessons 
are designed to work together to demonstrate 
electronic principles and applications. The kit-building 
not only shows you how electronic hardware 
functions, but how various circuit designs accomplish 
different purposes. Your lessons guide you through 
any number of experiments associated with many 
projects. This is the Project-Method, and it works. 
Step-by-step, you learn how and why digital 
electronics has become a part of our world, and the 
even bigger role it is sure to play in the future. 
Whether you are looking for training in Consumer, 
Commercial, or Industrial electronics, NTS offers 
fourteen courses, some basic, many advanced, in 
several areas of electronics. An all-new full-color 
NTS catalog shows you what each course covers, 
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electronics of the future. 

systems and more...from 
in home study. 


and every piece of equipment included. 

Send for it today, and see for yourself what’s really 
happening in electronics training technology at NTS. 
Find out how much has changed, and what new 
directions the field is taking. You’ll probably want to 
be a part of it. 

It’s free. Just mail the card or coupon. Today. 


NO OBLIGATION. NO SALESMAN WILL CALL. 
APPROVED FOR VETERAN TRAINING. 


NATIONAK 


)SCHOOLS 


TECHNICAL-TRADE TRAINING SINCE 1905 
Resident and Home-Study Schools 
4000 South Figueroa St., Los Angeles, Calif. 90037 


Please send FREE Color Catalog and Sample Les 

□ Color TV Servicing 

□ B & W TV and Radio Servicing 

□ FCC License Course 

□ Electronic Communications 

□ Electronics Technology 

□ Audio Electronics Servicing 

□ Digital Electronics 

□ MicroComputers/MicroProcessors 
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You have your own 
calculator. 
Why not a DMM? 


Finally, a digital multimeter that’s 
yours, just like your pocket calculator, 
and more useful. Only $169.* 

You pack only 13 ozs. in your pocket 
or service kit, but size is deceptive. The 
8020A has more useful features than 
any other multimeter available—at 
any price! Features like 26 ranges and 
seven functions, including conduct¬ 
ance. 2000-count resolution. Hi/lo pow¬ 
er ohms. 

And it’s rugged. The high-impact 
case protects a minimum number of 
component parts (47 in all), and they’re 
all readily available from any of the 
worldwide Fluke service centers. Your 
8020A is factory calibrated by NBS 
traceable equipment. And we guaran¬ 


tee it’ll live up to published specs for a 
full year. 

The 8020A is a true field instrument, 
designed with a highly readable LCD 
display, and inexpensive 9V transistor 
battery power for continuous use up 
to 200 hours. Reliability, quality and 
value: that’s Fluke tradition. 

To get your hands on one, call (800) 
426-0361, toll free. Give us your charge- 
card number and we’ll ship an 8020A 
the same day. Or, we’ll tell you the loca¬ 
tion of the closest Fluke office or dis¬ 
tributor. *Alaska, Hawaii and Wash¬ 
ington residence. Please call 206-774- 
2481. 

*U.S. price only. 


§ The DMM for Home Electronics Experts. 
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EQUIPMENT REPORTS 

continued from page 26 


The model 462 is well protected against 
accidental overload. Over-voltage protection is 
provided to 1000 volts on all autoranging 
modes and to 650 volts on even the manually 
selected 0-200-mV ranges. The AC ranges are 
protected up to 600 volts on the autorange, to 
240 volts RMS on the two low ranges, and to 
650 volts on the higher ranges. Even the 
ohmmeter ranges are protected against over¬ 
voltage up to 250 VRMS on all ranges. 1 made 
the stock AC rejection test, and it came out 
beautifully. 

The model 462 is compact enough to carry 
in a tube-caddy or kit, yet versatile and accu¬ 
rate enough for any kind of electronics work. A 
large handful of usefulness in a very small box 
1 it costs $185. R-E 

6502 Editor Assembler 

CIRCLE 125 ON FREE INFORMATION CARD 

THE 6502 MICROPROCESSOR HAS RECENTLY 
become very popular, and the success of the 
Commodore PET and Rockwell’s support as a 
second source have increased its appeal. For 
those who have worked with KIM, Apple or 
JOLT computers, the available software has 
been only occasionally listed in magazines here 
and there. Carl Moser has now developed an 
editor-assembler that lets you create a source 
emonic listing, assemble it, execute it, store 
n tape and relocate the assembled program 
anywhere in memory. 

This enhanced version of an earlier edition 
uses about 5200 words of memory for the 
program itself, and is designed for computer 
systems with at least 8K of memory. The 
suggested partitioning is about 400 words for 
the object-code file, a matching 400 words for 
the label file and 2000 words for the text file. 
While the program can be reduced to about 
continued on page 34 


Get every excitement-packed issue 
of Radio-Electronics delivered to 
your door. And save money, too— 
up to $9 off newsstand prices! Use 
the handy coupon and subscribe 
today! 



























H fact: 

you can choose your 
microphone to enhance 
your sound system. 


Shure makes microphones for every imaginable use. 

Like musical instruments, each different type of Shure microphone has a 
distinctive “sound,” or physical characteristic that optimizes it for 
particular applications, voices, or effects. 

Take, for example, the Shure SM58 and SM59 microphones: 
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professional microphones...by 


Shure Brothers Inc., 222 Hartrey Ave., Evanston, IL 60204, In Canada: A. C. Simmonds & Son Limited 
Manufacturers of high fidelity components, microphones, sound systems and related circuitry. 


SM59 

Mellow, smooth, 
silent... 


SM58 

Crisp, bright 
“abuse proof” 

Probably the most widely used 
on-stage, hand-held cardioid 
dynamic microphone. The 
SM58 dynamic microphone is 
preferred for its punch in live 
vocal applications ... espe¬ 
cially where close-up miking is 
important. It is THE world- 
standard professional stage mi¬ 
crophone with the distinctive Shure 
upper mid-range presence peak for 
an intelligible, lively sound. World- 
renowned for its ability to withstand 
the kind of abuse that would destroy 
many other microphones. Designed 
to minimize the boominess you’d ex¬ 
pect from close miking. Rugged, effi¬ 
cient spherical windscreen eliminates 
pops. Lightweight (15 ounces!) 
hand-sized. The first choice among 
rock, pop, R & B, country, gospel, 
and jazz vocalists. 


...some like a “presence” peak. 
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The SM59 is a relatively new, 
dynamic cardioid microphone. Yet 
it is already widely accepted as a 
standard for distinguished studio 
productions. In fact, you’ll often 
see it on TV.. .especially on mus¬ 
ical shows where perfection of 
sound quality is a major considera¬ 
tion. This revolutionary cardioid 
microphone has an exceptionally 
flat frequency response and neu¬ 
tral sound that reproduces exactly what it 
hears. It’s designed to give good bass 
response when miking at a distance. Re¬ 
markably rugged — it’s built to shrug off 
rough handling. And, it is superb in reject¬ 
ing mechanical stand noise such as floor 
and desk vibrations because of a unique, 
patented built-in shock mount. It also fea¬ 
tures a special hum-bucking coil for 
superior noise reduction! 


Some like it essentially flat... 
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EQUIPMENT REPORTS 

continued from page 32 


4400 words, this means sacrificing some func¬ 
tions, including one of the best—the edit 
command. 

For maximum system flexibility and use, 
two external pieces of hardware are required: 
an audio cassette recorder, and a separate play¬ 
back cassette machine. The system also sup¬ 
ports a CRT, keyboard and printer. 

The text editor, which occupies half of the 
program space, executes 20 commands. The 
AUTO command sets up automatic line num¬ 
bering with user-specified increment size. Text 
files can be loaded, renumbered, recorded and 
printed. The run command executes an as¬ 
sembled program; the assemble command 
calls the assembler; and the manuscript com¬ 
mand suppresses line numbers when listing. 
The edit command performs text file searches 
to change or delete selected alphanumeric 
characters within specified line-number 

The assembler recognizes labels up to 10 
characters long and has five conventional 
fields: line number, label, mnemonic, operand 
and comment. Assembly can be performed 
from the text file that was previously created 
with the text editor or from tape. Programs 
longer than available memory storage space are 
assembled from tape. 

The first assembler pass generates the sym¬ 
bolic table (label file) and outputs whatever 
errors are detectable at that stage. A second 
pass creates the object file and output listings. 
An optional third assembler pass creates an 


object file in relocatable format. A series of 16 
pseudo-ops allow you to control assembler 
features such as continuing assembly in spite 
of low severity errors, as well as storing data- 
bytes. 

There are six listings: First, a hexadecimal 
dump program that produces a formated ob¬ 
ject-code output listing. The next four listings 
are commented source listings, including break 
detection, motor control, relocating loading 
and tape loader software. The system is record¬ 
ed on a cassette tape for easy initialization. The 
cassette loading program must be performed 
manually since it prepares the computer to 
load the editor-assembler tape itself. 

The cassette tape, a 24-page manual and the 
program listings are available for $30 from 
C. W. Moser, 3239 Linda Drive, Winston- 
Salem, NC 27106. R-E 

Hustler Model MOT 
Monitor Antenna 

WITH THE WIDESPREAD USE OF THREE-BAND 
(low-VHF, high-VHF and UHF) program¬ 
mable scanners, more and more antenna manu¬ 
facturers are meeting the demand for compati¬ 
ble three-band monitor antennas. New-tronics 
Corporation (15800 Commerce Park Drive, 
Brookpark, OH 44142) has recently intro¬ 
duced the Hustler model MOT mobile anten¬ 
na. The model MOT is available only as a 
trunk-mount unit. It performs well on the 
three frequency ranges for which it was 
designed—37-50 MHz, 150-174 MHz and 
450-512 MHz. 

The model MOT comes equipped with 16 


feet of RG-58 coaxial cable, and is terminated 
with a Motorola antenna plug. 

The model MOT is a center-trap antenna 
designed to act as a 16-inch one-quarter-wave 
whip when operating in the high-VHF band, 
and it automatically couples an additional 18 
inches of active length (including resonant 
trap) when operating in the low-VHF band. 
The lower 16 inches is used as a three-quarter- 
wave whip in the UHF band. 

The mounting assembly is firmly secured, 
both mechanically and electrically, to the 
trunk lid of a car by tightening two Allen-head 
set screws (a wrench is provided). 

Because the entire antenna when mounted 
measures less than 3 feet, the model MOT 
poses no particular problem when used under 
normal mobile operating conditions. No tuning 
or pruning of the antenna is required; it is 
factory-pretuned. 

In our tests, the model MOT proved most 
satisfactory for a low-cost, three-band monitor 
antenna. Remember that a mobile antenna 
uses the vehicle body as part of a complete 
system, and unless the manufacturer’s recom¬ 
mended application techniques are not fol¬ 
lowed closely, the antenna cannot be expected 
to perform at maximum efficiency. 

The antenna comes in a blister package for 
rack display, with the element separated from 
the mount. The element is easily installed 
through a hole in a tightening nut and locked 
securely in place on the mount by a small 
wrench (also provided). 

The model MOT monitoring antenna ap¬ 
pears to be well designed and rugged enough to 
withstand most mobile monitoring applica¬ 
tions. It is available for $24.95. R-E 



Pulse and function generators 
for today's digital world 

Here are two new digital wave-form generators for today’s 
logic designers and digital troubleshooters. 

They’re ideal for teaching, experimenting, or servicing 
digital-address TV tuners, binary digital instruments, digital 
clocks, small computers, calculators, TV games...practically 
anything digital. 


• Pulse width adjustable from 100 nsec to 0.1 sec within 
5Hz-5MHz range 

• Output voltage adjustable from 0-15V at 600S2, 0-6V at 50S2 

• On and off time independently adjustable 


• Sine, sawtooth, and square-wave output 1Hz to 1MHz 

• 4Vpp fixed-output for TTL and CMOS 

• 10-V adjustable dc offset plus sweep 

• Peak-to-peak output 0-20V at 600S2 

See them at your VIZ distributor. 

VJIZ Test 

Instruments Group 

of VIZ Mfg. Co. 

335 E. Price St., Phila., PA 19144 
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ASK YOUR ELECTRONICS STORE TO STOCK JIM-PAK® TODAY!! 


JIM-PAK® • 1021 HOWARD AVENUE, SAN CARLOS, CALIFORNIA 94070 • (415)592-8097 
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TRUST US TO TAME 
YOUR ARC ENEMY. 




High voltage used to be the enemy of 
field technicians. 

In order to measure it accurately, they’d 
either have to tote bulky test equipment to the 
installation site, or tote the unit to the test 
bench. 

Then, in 1967, ITT Pomona Electronics 
introduced the first high voltage test probe with 
a built-in meter. 



This compact, lightweight instrument 
made high voltage trouble-shooting practical 
and convenient anywhere. And it became an 
instant success everywhere. 

Now we make six different ITT Pomona 
Electronics high voltage test probes. There are 
models for color and black and white 
television, microwave ovens, neon signs, 
electronic air cleaner systems, etc. 

Best of all, they’re priced so low that 
every serviceman can have one along. 

See our new catalog for details on the full 
high voltage test probe line. Plus more than 
640 other products you know and trust. 

ITT Pomona Electronics, 1500 East Ninth 
Street, Pomona, CA 91766 • Phone: 

(714) 623-3463 • TWX: 910-581-3822 
AVAILABLE THROUGH YOUR FAVORITE 
ELECTRONIC PARTS DISTRIBUTOR 


Pomona Electronics 


ITT 
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String 
Synthesizer 


An introduction to the latest innovation in electronic music 

synthesizers. The string synthesizer gives the soloist and 

small groups the background needed Vo enhance the performance. 

MARVIN JONES 


STRING SYNTHESIZERS, AND THEIR RE- 

cent popularity, represent the culmina¬ 
tion of over a decade’s worth of work in 
developing and improving electronic mu¬ 
sic synthesizers. String synthesizers are 
the first of what we expect will be a long 
line of special-purpose instruments de¬ 
signed to avoid the clutter of patch cords 
and a strong technical background re¬ 
quired to run the early breeds of synthe¬ 
sizers. Recent surges of interest in guitar 
and drum synthesizers indicate that these 
instruments will follow in the string syn¬ 
thesizers’ path. 

It is very natural that the string synthe¬ 
sizer was the first special-purpose synthe¬ 
sizer to come along. Since the inception 
of popular music, one of the staples of the 
“hit record” sound has been the lush, 
flowing orchestrated backgrounds. Un¬ 
fortunately, few vocalists and solo musi¬ 
cians do well enough to allow hiring 
orchestras to perform live. Thus, the lush 
background was always missing in con¬ 
certs. Organs helped, but weren’t quite 
the same. Then there’s always the prob¬ 
lem of being able to afford an orchestra 
for the recording session in the first place! 
String synthesizers have changed all that. 
Now musicians are using these units to 
perform anything from country music to 
avant garde, in locations ranging from 
your neighborhood bar to Madison 
Square Garden! 

Strangely enough, the basic circuitry in 
a string synthesizer is more a result of 


combo organ technology than of synthe¬ 
sizer technology. The rich moving sounds 
they produce are so powerful that most 
anyone (musician or not) gets a kick out 
of playing with them. And all the com¬ 
mercially available units use the same 
basic circuitry to achieve the effect of 
violins and cellos ‘en masse.’ 

This article will describe how to build a 
professional-quality string synthesizer, 
but first let’s take a look at how these 
magical machines are used, and then 


discuss how the circuitry works. The 
model 1550 synthesizer is of particular 
interest since it is available in kit form as 
well as assembled, and there are a number 
of options available such as stereo outputs 
and a microprocessor interface card. The 
instrument also produces a percussive 
electric-piano voicing. 

How it is used 

The majority of the features on string 
synthesizers can be found on the front 
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panel of the instrument. The front panel 
of the model 1550 is shown in Fig. 1. All 
connection points for outputs and inter¬ 
facing are in the top row of the panel, and 
are provided via five 'A-inch phone jacks. 
The bottom two rows of the panel provide 
the multiple user controls which alter and 
mix the various voices of this instru¬ 
ment. 

The GATE jack provides a voltage which 
steps from 0 to about +9 volts whenever 
a key is pressed on the keyboard. This 
allows the instrument to trigger external 
effects or processing equipment such as 
synthesizer modules. Many of the stan¬ 
dard synthesizers manufactured today 
have an array of “systems interfacing” 
jacks to allow external signals to be 
processed and become the basis for more 
complex sounds with polyphonic synthe¬ 
sizer textures. When string synthesizers 
are used in this way, it is easy to synthe¬ 
size “brass” sounds, and other special 
effects using the circuitry inside the syn¬ 


thesizer in conjunction with the string 
synthesizer. 

There are two signal outputs on the 
stock synthesizer. The first is the mix 
output, or the master output. At this jack 
will appear the sustained string voices 
plus a variable mix of the electric piano 
sound. The second output provides only 
the piano signal. This output is useful if 
you wish to use separate mixing, equaliza¬ 
tion, or special effects for the two differ¬ 
ent voicings. When using a standard '/*- 
inch 2-conductor phone plug in the piano 
jack, the piano signal is automatically 
removed from the composite signal at the 
mix jack. This allows complete separation 
of the two types of signals if desired. 
Alternatively, you could use a ‘A-inch 3- 
conductor phone plug which has no con¬ 
nection made to the ring section of the 
plug. The piano signal will appear now at 
both output jacks, with the user selecting 
either or both outputs with the PIANO mix 
control (explained later). 


The sustain jacks allow provisions for 
remote control of the amount of time it 
takes for a signal to fade out once the key 
is released. For those of you familiar with 
synthesizer terminology, this would actu¬ 
ally relate to the “release” control on an 
ADSR (Attack, De lay, Sustain, Release) 
envelope generator. Note that there are 
separate, fully variable sustain controls 
for each of the two types of signals— 
string and piano. Some commercial units 
have only a long/short sustain switch, or 
no control at all. The most common use of 
the sustain jacks will be for sustain foot 
switches, which will operate much like the 
sustain pedal on an acoustic piano. When 
the two conductors of the jack are shorted 
together, the front panel sustain control 
will operate normally to set the minimum 
sustain time. When the foot switch con¬ 
tacts are opened, the sustain time in¬ 
creases to maximum as though the front 
panel control were turned to maximum. 
For the foot switch itself, a normally 



FIG. 2—BASIC SCHEMATIC for the main section. This circuit contains the twelve identical tone blocks that develop the shaping, keying and mixing for the 
three octaves of each note. 
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closed momentary-contact switch can be 
used to provide action similar to acoustic 
piano sustain pedals, or a positive contact 
switch can be used to provide push-on, 
push-off sustain control action. 

Internal design of the model 1550 syn¬ 
thesizer allows for use of variable foot 
pedals (such as pedal volume control volt¬ 
age (0 to +5 volts) to remotely program 
the sustain times for either of the voices. 
This allows all the versatility of the front 
panel controls without requiring the mu¬ 
sician to remove his hands from the 
keyboard. 

The tune control is fairly standard. It 
allows the instrument to be tuned to other 
instruments, yet provides a full octave of 
transposition so you can extend the range 
of the instrument for special composi¬ 
tions. With a little practice, the tune 
control can even be used as a performance 
device, allowing orchestral glides or pitch 
blends for special effects. 

Perhaps the most important and pow¬ 
erful controls on the model 1550 (or any 
string synthesizer) are those controls that 
allow the user to modify the operation of 
the chorusing and vibrato circuits. These 
controls are important in allowing each 
musician to alter the basic string sound to 
suit musical requirements or individual 
tastes. Unfortunately, this is where many 
commercial units fall short in the eyes of 
musicians. The chorusing circuitry is re¬ 
sponsible for taking the single “reedy” 
voice of the organ circuitry and making it 
sound as if there are a great number of 
simultaneous voices occurring. This ef¬ 
fect is obtained by using analog delay 
lines to generate two “echoes” of the 
original signal. The time delay is so short 
(constantly varying between 0.5 ms and 
20 ms) that it is not heard as a distinct 
echo. Rather, it appears as if there is 
another instrument playing in unison 
with the original voice. With two delay 
lines, we can generate three-voice 
chorusing which is sufficient to confuse 
the human ear into believing it is hearing 
a large number of voices. By now you 
should see why this circuitry is so impor¬ 
tant to the effective generation of orches¬ 
tral effects. 

This synthesizer provides two controls 
for user alteration of chorusing effects. 
depth determines the amount of 
chorusing in the effect. At minimum 
setting, there is no frequency modulation 
occurring at all, yielding a bland reed- 
organ voice. This would be useful for 
basic combo organ effects, or for external 
processing as mentioned earlier. As the 
depth control is advanced, the two de¬ 
layed voices are frequency modulated by 
an increasing amount. At approximate 
mid-rotation, the typical string chorus 
with vibrato is achieved. Further rotation 
of the control creates very heavy vibrato 
and pitch deviations of about a semi-tone 
for special effects. 

The rate control varies the speed of 
pitch fluctations (vibrato) in the 


chorusing circuitry. At minimum, the 
vibrato is so slow that it is not heard as 
actual pitch variations but as a rich, 
ethereal rolling effect similar to several 
phase shifters or flangers sweeping simul¬ 
taneously. This control setting provides a 
thick pipe-organ effect that is actually 
spine-tingling! As it is advanced, the 
vibrato rate increases through normal 
settings to fast quivering vibrato for spe¬ 
cial effects. The adjacent LED indicates 
the speed of one of the low-frequency 
vibrato oscillators for use as a visual guide 
of control settings when you are on stage 
or in the studio. 

The piano solo/mix control is used to 
send the piano voice to either the master 
mix output, or to the solo piano output. 
The control acts as a panning control, so 
the signal can be applied to the two 
outputs in any blend. When using only 
the mix output, the piano control will act 
as a volume control for the amount of 
piano signal available in the master mix. 
When a standard 2-conductor 'A-inch 
plug is used to carry the piano signal from 
the piano jack, the piano signal is dis¬ 
abled from the mix jack and the piano 
mix control will act as a volume control 
for the amount of signal appearing at the 
piano jack. When a 3-conductor plug is 
used (with no connection to the ring) for 
the piano output, the piano mix control 
acts as a panning control to send variable 
amounts of piano signal to the two out¬ 
puts. Interesting stereo imaging effects 
can be obtained with this configuration. 

The large box of controls centered in 
the bottom of the panel is used to design 
the string voicing you desire. The split 
switch is used to select the point at which 
the keyboard can be divided. At position 
1, the keyboard voicing will be split at the 
first octave. In position 2, the keyboard 
will split at the second octave. LED’s 
show the selected split location at a 
glance. Once the split function is select¬ 
ed, the low mix control will set the 
desired blend of violins and cellos for all 
keys below the selected split position. The 
performer can select violins only, cellos 
only, or any combination of the two. It 
should be mentioned here that the cellos 
are 2 octaves lower than the violins. 

The high mix control serves a similar 
function for all keys above the selected 
keyboard split point. With these controls, 
you can easily configure the keyboard for 
the type of music you will be playing. For 
example, if the composition uses simple 
droning cello parts, but a violin part that 
moves and jumps over a wide range, then 
you would set the split switch for the first 
octave, and set the low mix for cellos and 
high mix for violins. An infinite variety 
of voicings are available with these con¬ 
trols. The string mix and split controls 
take on added power when the stereo 
output is added to the unit. With the 
option installed, the selected split location 
can also become the point at which the 
stereo effect is split. Or, in an alternate 


stereo operation mode, the violins can be 
routed to one side and cellos to the other 
side. In this mode, the low and high mix 
controls are instrumental in determining 
the “width” of the stereo effect by deter¬ 
mining the violin/cello content of each 
half of the keyboard. 

How it works 

The schematic for the main circuit is 
shown in Fig. 2. Three of the four gates in 
IC6 generate a high-frequency clock sig¬ 
nal (around 1 MHz.) This clock signal is 
applied to the Top-Octave Generator, 

IC7, where it is divided by the twelve 
integers required to produce the twelve 
equally tempered frequencies of a scale. 
These frequencies will be divided into the 
lower octaves inside each of their respec¬ 
tive tone blocks. Since the keyboard used 
in this synthesizer is actually 3 octaves 
plus one note (the highest “C”), addition¬ 
al circuitry must be provided for the tone 
generation of that extra note. 

IC5 and associated resistors, capaci¬ 
tors, and diodes provide this function. 

This circuitry works exactly like the 
circuitry in the Tone Blocks, and will be 
discussed later. The additional circuitry 
in Fig. 2 shows the operation of the vari¬ 
ous front panel controls. The split 
switch, S2, generates a high (+V) or low 
(ground) logic signal which represents a 
high or low keyboard split location, re¬ 
spectively. The second section of S2 con¬ 
trols the LED split function indicators. 
Sustain controls, R52 and R54, generate 
control voltages that are variable from 0 
to about +5 volts. 

The selected control voltage is applied 
to the buses that run along the edge of the 
tone block circuit boards. Thus, this volt¬ 
age is a master control that effects the 
sustain time of all thirty-seven notes of 
the keyboard. The sustain jacks, J1 and 
J2, provide an interrupt function for the 
sustain control voltage. When a plug is 
inserted into a jack, the voltage on that 
sustain bus can be remotely varied or 
switched (shunted) for variable sustain 
function. The MVH, MVL, MCH and 
MLH string voice signal buses (A/ix Kio- 
lins //igh, A/ix Fiolins Low, A/ix Cellos 
Lfigh, and A/ix Cellos Low) are applied to 
mix controls, R55 and R56. 

With these controls, the signals can be 
shunted to ground in the desired propor¬ 
tions. The resulting mixtures of string 
voices, as well as the raw piano-bus signal, 
is fed to additional circuitry for final 
processing. 

In Fig. 2, also note that +V is applied 
to the common bus of the keyboard, and 
depression of any key provides, in effect, 
a logic signal to the tone block circuitry. 

A positive voltage designates a key being -n 
played. The open circuit of a released key S3 
is pulled back to ground by an input pull § 
down resistor at each keying input of each > 
tone block. Master buses running < 
throughout the tone blocks also distribute co 
+V, ground, and the split logic signal. <o 
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The circuitry for one of the twelve tone 
blocks is shown in Fig. 3. This circuitry 
generates the waveshaping, keying, and 
mixing for three octaves of any chromatic 
note. The twelve tone blocks are identical 
and all are contained on two large PC 
boards in addition to the top octave and 
highest “C” circuitry discussed in the 
main schematic. 

The whole process begins with the 
input of a high-pitched squarewave from 
the top-octave generator. This waveform 
switches between +V and ground, and 
directly drives the input of the tone block 
co circuitry. IC1 is a 4024 7-stage counter 
y which divides the input frequency into 
O lower octaves. Only the first five divi- 
f sions, plus the original input, will be used. 
2 The first bank of NAND gates (IC4-b 
uj and -d, IC3-d and IC2-b and -c) are driv- 
O en by the counter and used to convert the 
Q squarewave signals to pulse waves with a 
<r 25% duty cycle. 


The harmonic content of this type 
waveform more closely approximates the 
sound of a violin. The high-octave violin 
signal is obtained at pin 4 of IC2-b, while 
the middle-octave violin appears at pin 10 
of IC2-c, and the low violin at pin 11 of 
IC3-d. The three lowest octaves of 
NAND gate outputs are additionally fed 
through inverters consisting of IC4-c, 
IC3-a, and IC2-d. This inversion main¬ 
tains proper phase relationships so the 
remaining waveshaping circuit will oper¬ 
ate correctly. 

Immediately after inversion, these 
waveforms are selected for use as the 
piano signal. At this point, these wave¬ 
forms still have a 25% duty cycle. Finally, 
NAND gates IC4-a, IC3-b, and IC2-a 
are used to mix the inverted waveform 
with the non-inverted waveform which 
originated one octave higher. The result 
is a pulse wave with a 12.5% duty cycle. 
The extremely wide harmonic spacing 


occurring in this waveform very closely 
approximates a cello waveform, and is 
consequently used as the signal source for 
this voicing. 

The remaining keying and mixing cir¬ 
cuitry is roughly divided into three sec¬ 
tions, one for each octave that will be 
keyed by the keyboard. Additionally, 
each of these three sections is further 
divided into a section for strings and 
another for the piano effect. The input 
terminal labelled K1-K12 is the lowest 
octave keying input. NOTE that there is 
actually only one input at this point to 
each tone block. However, this one point 
will be labelled differently for each chro¬ 
matic tone block. For example: K1 will be 
in the “C” tone block, K2 in the “Cj” 
tone block, and so on through K12 in the 
“B” tone block. 

When a key is depressed, the keying 
input jumps to a positive voltage. The 
first thing to happen is the piano keying. 
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The following lists the components 
according to type and quantity and is 
included as an aid to help you acquire the 
parts necessary to build the model 1550. 
Resistors—'A-watt, 10% unless 
otherwise noted 

5—10 ohms 
1 — 100 ohms 

5— 470 ohms 
46—1000 ohms 
1 — 1800 ohms 
37—2200 ohms 

6— 2700 ohms 

6— 4700 ohms 

1— 8200 ohms 
205—10,000 Ohms 
1 — 15,000 ohms 
3—22,000 ohms 
147—100,000 ohms 
50—220,000 ohms 

1 — 170,000 ohms 
Potentiometers 

2— 100 ohms, trimmer 
5—1000 ohms, trimmer 

1—50,000 ohms, trimmer 

7— 5000 ohms, linear taper 

1 — 100,000 ohms, dual-section, linear 
taper 

Capacitors 

1— 47 pF disc ceramic 

2— 100 pF disc ceramic 


The positive step-voltage that is dropped 
across R1 is differentiated by Cl. The 
positive spike generated is sufficient to 
forward bias D2 and dump a charge on 
C2. Simultaneously, Cl is charging to 
absorb that +V which has been applied 
to it. By the time the positive charging 
spike for C2 falls and Cl has a full 
charge, D2 has become reverse biased, 
eliminating the front end of this circuit as 
a possible discharge path for the charge 
on C2. The only possible discharge is 
through R3 and R4 to the virtual ground 
of the piano mix bus (MXP). This R—C 
combination (R3, R4, C2) sets the maxi¬ 
mum sustain time for the piano signal. 

To get a variable amount of shorter 
sustain time, the voltage on the piano 
sustain bus (PSB) can be lowered from 
about +5 volts to ground with the front 
panel control. If this bus is anywhere 
lower than the peak charge of C2 (about 
+ 5 volts), D3 becomes forward biased, 
offering C2 a lower impedance discharge 
path through R2. This causes the charge 
on C2 to fall more rapidly than normal 
thus making the sustain time shorter. 
When the key is released, the drop in 
keying voltage across R1 causes a nega¬ 
tive spike to be generated by Cl. Diode 
D1 becomes forward-biased by the spike 
and shorts it to ground. Resistor R1 will 
then serve to quickly discharge Cl, pre¬ 
paring the piano keying circuit for the 
next key depression. 

The only remaining section of the 
piano circuit is the signal-gating (enve¬ 
lope or amplitude contour) circuitry built 
around D4 and D5. This circuit is the 


PARTS LIST 

1—500 pF disc ceramic 
10—.001 tiF disc ceramic 

3— .01 nF disc ceramic 

7—.05 nF disc ceramic 

1— 0.1 mF Mylar 

12—1 nF, 10 volts, electrolytic 

2— 2.2 fiF, 10 volts, electrolytic 

4— 5 nF, 10 volts, electrolytic 
82—10 nF, 10 volts, electrolytic 
37—33 nF, 10 volts, electrolytic 
1—250 nF, 20 volts, electrolytic 

1 — 1000 mF, 20 volts, electrolytic 
Semiconductors 

12—CD4024 7-stage divider (RCA, 
National, Motorola) 

37—CD4011 quad NAND gate (RCA, 
Motorola, National) 

1— MK50240 top-octave generator 
(Mostek, AMI) 

2— CD4013 Dual D-type flip-flop 
(Motorola, National, RCA) 

1—7805 positive 5-volts regulator 
(Motorola, National, Signetics) 
1—7905 negative 5-volts regulator 
(Motorola, National, Signetics) 

1— CA3080 transconductance amplifier 
(RCA) 

2— SAD-1-24 analog delay line (Reticon) 
4—566 voltage-controlled oscillator 

(Signetics, National) 

4—2N5139 or similar NPN transistor 


1—2N5129, 2N3904 or similar PNP 
transistor 

4—1N4003 rectifier diodes 
527—1N914 silicon switching diode 

3—TIL209 red light-emitting diode 

Miscellaneous 

1— power transformer, 24 VCT, 1A 
40—flea clips 

2— socket, 16-pin DIP (for SAD-1024’s) 
control knobs, mounting hardware, case, 

line cord, etc. 

Note: The following are available from 
Paia Electronics, 1020 W. Wilshire, Okla¬ 
homa City, OK 73116: 

1550A PC board $30.00 postpaid 
1550B PC board $30.00 postpaid 
1550C PC board $10.00 postpaid 
1550LED PC board $2.00 postpaid 
(All boards are etched, drilled and 
screened with parts placement lay¬ 
out.) 

Set of four PC boards $70.00 postpaid 
A 37-note (3-octave) organ keyboard 
(Order No. AGO-37) $60.00 plus $5.00 
postage and handling 
Complete kit of parts including case, key¬ 
board and step-by-step instructions 
(Order No. 1550) $295.00 shipped 
freight collect 

Fully assembled unit (order No. 1550AS) 
$600.00 freight collect. 


standard diode-keying configuration that 
has been used in electronic organs for 
quite some time. The pulse wave being 
used as the piano-signal source is being 
continuously applied to the cathode of 
D4. While the piano circuit is at rest, C2 
is discharged leaving the anode of D4 at 
ground. This leaves D4 continuously re- 
verse-biased and stops any signal trans¬ 
mission through it. When a key is 
pressed, a pattern of rising and falling DC 
voltage is generated across C2 as de¬ 
scribed earlier. This voltage will now 
forward bias D4 and allow the piano 
signal to pass. When the piano signal 
happens to be at a high level (the top of 
the pulse wave), the voltage at the junc¬ 
tion of D4 and D5 will be pulled up to a 
DC voltage equivalent to the charge 
remaining on C2. When the piano pulse 
wave switches to a low level (near 
ground), D4 conducts and the junction of 
D4 and D5 will be pulled nearly to 
ground. 

This high-speed (audio frequency) 
switching continues until the C2 charge 
has been depleted via the discharge path 
through R3 and R4. From the previous 
discussion, we see that the charge on C2 
has a sharp increase followed by a long 
decay. The audio signal passed through 
D4 and D5 takes on the same attack and 
decay characteristics, thus duplicating 
the effect of a plucked or hammered 
piano string. 

Diode D5 is used primarily to avoid 
interaction with other notes which may 
be simultaneously applied to the audio 
mix buses. In addition to being one of the 


major determinants of the timing for the 
piano effect, R4 is also used as a mixing 
resistor and gain-setting component for 
this one piano note. 

The same low-octave keying input we 
have been discussing for the piano cir¬ 
cuits will also be used to gate a violin and 
cello sound at the same time. The keying 
voltage applied to R1 will forward bias 
D6 and cause C3 to charge via R5. The 
larger value of C3 and the current limit¬ 
ing of R5 cause C3 to charge more slow¬ 
ly, generating a “softer” attack, to more 
closely imitate the build-up that occurs 
when a section of strings bows a new note. 

This DC voltage is concurrently applied 
to two diode keying sections. Resistor R8, 

D8, and D9 are used to gate the low- 
octave cello signal being applied to D8. 
Resistor R7, D10, and D11 impose enve¬ 
lope control on the violin signal. 

The entire keying section for the top 
octave of the tone block is identical to the 
circuitry we have just covered. The high- 
octave keying inputs are K25 through 
K36, and the high-octave signal sources 
are tapped from higher frequency outputs 
of the NAND gate waveshaping circuit. 
Also, the violin and cello outputs from 
the high-octave keying are permanently 
connected to the high-violin and cello- 
mix buses. Otherwise, the circuits are the 

Next month we will discuss the power S3 
supply and the middle-octave mixing and j2 
chorusing circuits and then go on to > 
construction details. This will include foil ■< 
patterns for the PC boards and diagrams <o 
showing parts placement. R-E <o 










Solar Tracking 
System 

Solar-energy collectors work best when constantly oriented to 
trap the most energy from the sun. This electronic servo system 
swivels the collector panel so it follows the sun across the sky. 


THE MOST COMMON USES FOR SOLAR 
energy systems today are space heat¬ 
ing and hot-water preheating. These 
systems generally use nonmovable 
flat-plate collectors; and for a low- 
temperature system, flat plate is 
probably the best choice. If, however, 
your system needs high-temperature 
water or steam, or uses solar cells to 
generate electricity, a tracking sys¬ 
tem is the only way to go. 

A solar tracking system consists of 
a motor-sensor combination that lo¬ 
cates the sun and points a collector 
toward it. A non-sensing system can 
even be built using a constant speed 
motor, but such a system has more 
disadvantages than advantages. 

The solar collector tracking system 
discussed in this article is intended as 
a guide, not as an absolute system. 
(For example, why track the sun if 
there is little or no energy to be 
gained?) We’ll examine how to con¬ 
struct a simple circuit using a com- 

SENSOR 


parator that will not let the motor 
operate until a certain level of sun¬ 
light is present. 

The basic system 

Figure 1 shows a block diagram of 
the solar tracking system, which con¬ 
sists of four basic modules: 1) a pair 
of phototransistor sensors; 2) a dif¬ 
ference amplifier; 3) a deadband am¬ 
plifier; and 4) a servomotor and mo¬ 
tor drive transistors. 

Figure 2 shows how the phototran¬ 
sistor sensor is constructed. Note that 
the phototransistors are mounted on 
perpendicular surfaces so that a shad¬ 
ow effect occurs when the sun is not 
directly overhead. 

The difference amplifier (see Fig. 
1) subtracts the output of sensor B 
from the output of sensor A and 
multiplies the result by about 4.7. 

The deadband amplifier is a fairly 
unique device. It amplifies the output 
of the difference amplifier by about 


FIG. 1—SOLAR TRACKING SYSTEM uses phototransistor sensors to detect the position of the sui 
Circuitry drives motor to position solar energy panels and minimize the difference in output from th 
two sensors. 


2.5 only if the output of the differ¬ 
ence amplifier is greater than 0.6 volt 



a 


o, ^l ill i- 


TF— a> 


FIG. 2—PHOTOTRANSISTOR SENSORS are 
mounted at right angles to each other. The 
output of the sensors are equal when the sun is 
directly over the apex. 
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or less than —0.6 volt. If the output 
of the difference amplifier is between 
—0.6 volt and 0.6 volt, the deadband 
amplifier provides a stable zero volt 
output. 

The servomotor drive circuit con¬ 
sists of four push-pull Darlington 
connected transistors, which produce 
enough current to drive a fair-sized 
12-volt motor. 

Circuit operation 

Two phototransistors are used as 
brightness sensors. When operated 
from a constant-voltage power sup¬ 
ply, the collector current of each 
transistor is proportional to the 
amount of illumination they receive. 


Due to variations in manufacturing 
processes, the phototransistors may 
not be well matched, so it is a good 
idea to buy a few extra phototransis¬ 
tors and match them yourself. The 
procedure is very simple. 

First, breadboard the circuit shown 
in Fig. 3. Place two phototransistors 
side by side with the flat side down. 
Shine a diffused light source (a hand¬ 
kerchief placed over a bare high- 
intensity bulb will do) on the transis¬ 
tors. Note that the base connection is 
not used. 

Apply power to the circuit and 
measure the voltage from one of the 
collectors to ground; this will be your 
reference transistor. Adjust the dis¬ 


tance of the light source so that the 
reference voltage reads about 3. Mea¬ 
sure the collector voltage of the sec¬ 
ond transistor and write it down. 
Repeat this procedure with a refer¬ 
ence voltage of 6 and 9, measuring all 
the transistors against the same refer¬ 
ence transistor. Select the two tran¬ 
sistors that give the closest results for 
your sensors. 


PARTS LIST 
All resistors % watt, 10%. 

R1 — 1000 ohms (to start—see text) 

R2—680 ohms (to start—see text) 

R3—500-ohm trimmer (to start — see text) 

R4, R6, R12, R13—100,000 ohms 

R5, R7—470,000 ohms 

R8—5000-ohm trimmer 

R9, R10—3300 ohms 

R11 — 10,000 ohms 

R14, R15—1000 ohms 

C1-C4—0.0001 M F 

C5, C6—0.1 iiF 

D1-D4—1N914 

D5, D6—50-volt rectifiers (current rating 
depends on motor current) 

Q1, Q2—2N5777 photodarlington or 
equal 

Q3—2N2222 
Q4 — MJE3055 
Q5—2N2907 
Q6—MJE2955 

A1, A2—Op-amps, dual 741, 1558, 747, 
two 741’s, two 301’s, etc. Pin numbers 
depend on type and case style; 3900 or 
324 types not recommended. 

SI, S2—Normally closed switches 
Ml —12-volt reversible motor 
Misc.—Power supply, case, shielded cable 
for sensors, etc. 
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TIMEBASE 


Resistors, '/. watt, 5% unless otherwise 
specified 

R201, R208—1000 ohms 
R202, R204—1-5 megohms 
R203, R205, R218, R219, R222, 
R228-R230—10,000 ohms 
R206, R209, R212, R213, R221, 
R223-R225, R227, R232, R240—50,000 
ohms, trimmer 
R207—1 megohm 
R210—200,000 ohms 
R211, R214, R226, R233, R239—100,000 
ohms 

R215, R216—1200 ohms 
R217—310 ohms 
R220—51,000 ohms 
R231—7500 ohms 


R234—16,000 ohms 
R235—75,000 ohms 
R236—4300 ohms 
R237—62,000 ohms 
R238—22,000 ohms 
R299—See text 
Capacitors 

C201, C202—100 mF, 10 volts 
C203—82 pF 
C204—0.001 #iF 
C205—0.01 fiF 
C206—0.1 tiF 

C207—1.0 mF, aluminum electrolytic, low 
voltage, low leakage. See text. 

C208—10 tiF, aluminum electrolytic, low 
voltage, low leakage. See text. 

C209—100 jiF, aluminum electrolytic, low 


voltage, low leakage. See text. 

C210—470 ^F, aluminum electrolytic, low 
voltage, low leakage. See text. 

C212, C213—10 pF 
Q201-Q204—TIS97 
IC201—XR-2207 
IC202, IC203—LM318 
IC204—LM377 
IC205—LM741 

OV201 — LA10 over-voltage limiter 

F201—2-amp fuse 

S2, S9—SPDT toggle switch 

S3—SPDT rotary switch 

S4, S8—SPDT toggle switch 

S5—DPDT toggle switch 

J1—BNC panel jack 





































































































POWER SUPPLY 


Resistors V« watt, 5% unless otherwise 
noted 

R101-82,000 ohms 
R102—18,000 ohms 
R103, R104—100,000 ohms 
R105—2700 ohms 


R106—330 ohms 

Capacitors 

C101 —1000-^F, 16-volt, electrolytic (two 
500 m F in parallel) 

C102—500 fiF, 16-volt electrolytic 
Cl03, Cl04, Cl07, C108—0.01 -/jF disc 



C105, Cl06, Cl 15—10-/iF, 16-volt 
electrolytic 

Cl09, C110— IQO-jjF, 16-volt electrolytic 

C111—33-mF, 16-volt electrolytic 

C112—4.7-^F, 16-volt electrolytic 

Cl 13, Cl 14—0.001-^F disc 

Miscellaneous 

M0V1-V130LA10 thyristor 

D101-D104—1N4001 

D105-D106—1N4148 

IC101, IC105—7812 

IC102—7912 

IC103—4194 

IC104—309H 

LED1, LED2— 

T101—24-volt, 1-amp transformer 
F101 — 

SI—SPST toggle switch 
S21—DP3T toggle switch 


The following are available from FSI, 
1894 Commercenter W., No. 105. San Ber- 
nadino, CA 92408: Complete kit, $495.00; 
cabinet and circuit board, $115.00. Set of 
semiconductors, $195.00; seven slide 
pots with knobs, $17.00, set of trimmers 
including four multiturn pots, $17.00. 

California residents add state and local 
taxes as applicable. 
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charging current supplied to the capaci¬ 
tor. The output of the integrator is then 
fed back to the comparator. 

The integrator is essentially a constant- 
co current source applied to a capacitor. If 
^ the current applied to the capacitor is 
O constant, the change in voltage across 
[E that capacitor will also be constant. When 
yj power is applied, the output of the com- 
uj parator begins to charge the capacitor 
O through the constant-current source. This 
Q causes the voltage across the capacitors to 
cc rise linearly. When that voltage, which is 
48 


applied back to the comparator, reaches a 
predetermined point, the comparator 
switches states and begins to charge the 
capacitor in the reverse direction. This 
causes the voltage across the integrating 
capacitor to change linearly in the oppo¬ 
site direction. 

The result is that the output of the 
integrator is a triangle wave and the 
output of the comparator is a squarewave. 
The peaks of the triangle wave align with 
the edges of the squarewave since it is 
these edges that cause the integrator to 


change its output slope. If the charging 
rates represented by the plus and minus 
slopes of the integrator are equal, the 
slopes will be of equal magnitude and 
opposite sign, and, hence, both the trian¬ 
gle wave and the squarewave will be 
symmetrical. 

The output of the integrator is at 
IC201 pin 14, and the comparator output 
is at pin 13. Both these outputs are buff¬ 
ered and do not represent the actual oscil¬ 
lator voltages. 

continued on page 78 































































Cases And Cabinets 
For Your Projects 


ONE OF THE MAJOR CONSIDERATIONS FACING THE 
amateur electronic experimenter and constructor is the physical 
layout and appearance of the finished project. In the days of 
vacuum tube and 12 by 16 in. chassis, most projects could 
be finished off nicely by adding a front panel and slipping the 
whole thing into a cabinet that could be handcrafted from 
wood or readily available sheet metals. Today, most electronic 
projects are assembled on printed-circuit boards or similiar 
materials and are sometimes only one-tenth the size of its old 
vacuum-tube equivalent. 

To select a case or enclosure that is most suitable for 
your project, you must have a pretty good idea as to what is 
available. Too, if your make and model specified in a magazine 
article is not available through your usual supplier, you should 
be aware of equivalents and possible substitutes. These charts 
list off-the-shelf enclosures, cases and chassis boxes in various 
material combinations, colors and sizes. 

These charts list cases and cabinets not covered in the 
June and October 1978 issues of Radio-Electronics. While every 
effort has been made to ensure that these charts are as complete 
as possible, it is not always possible to include all the options 
and ordering information. It is, therefore, a good idea to obtain 
catalogs from the manufacturers. 



To find out more about the products or distributors, a list 
of addresses of each manufacturer follows. To obtain a catalog, 
simply circle the corresponding No. on the Free Information card. 

Apollo - Box 245, Vaughnsville, OH 45893. Circle No. 135. 
Buckeye - 555G Marion Road, Columbus, OH 43207. Circle 
No. 136. 

Bud Electronics - Dept. G., 4605 East 355 Street, Willoughby, 
OH 44094. Circle No. 137. 

GC Electronics - Division of Hydrometals, Inc., Rockford, 
IL 61101. Circle No. 138. 

Intre Fab, Inc., - 660 Lenfest Rd. San Jose, CA 95133. 

Circle No. 139. 

Lafayette Electronics — 111 Jericho Turnpike, Syosset, NY 
11791. Circle No. 140. 

Le France — Enterprise and Executive Avenues, Philadelphia 
PA 19153. Circle No. 141. 

LMB Products — 725 Ceres Avenue, Los Angeles, CA 90021. 

Circle No. 142. 

Premier Metels - 381 Canal Place, Bronx, NY 10451. Circle 
No. 144. 

Radio Shack - 2617 West 7th Street, Ft. Worth TX 76107. 

Circle No. 144. 

Rose/Stahlin - 500 Maple Street, Belding, Ml 48809. Circle 
No. 145. 

Scientific-Atlanta — Optima Enclosures-2166 Mountain In¬ 
dustrial Road, Tucker, GA 30084. Circle No. 146. 

TenTec, Inc. - Dept. G., Industrial Park, Sevierville, TN 
37862. Circle No. 147. 

Vector Electronics Co., - 12460 Gladstone Ave., Sylmar, 
CA 91342. Circle No. 148. 

Vero Electronics, Inc. — 171 Bridge Road, Hauppauge, NY 
11787. (516)234-0400. Circle No. 149. 

Zero Mfg. - 777 Front Street, Burbank, CA 91503. Circle 
No. 150. 


INSTRUMENT CASES 

Internal side walls are grooved to position and hold PC 
boards. Both base and two side panels are removeable 
for easy acess to contents. 


Length 

Height 

Depth 

1 Mfr. 

1 Model No. 

1 Case Material 

Comments 

| Options 

Color 

1.21 

1.21 

„ 

Vector 

W-16-12-12B 

Al 

holds 1/16" p.c. cards 

inner panels, 
base 

consult mfr for 
latest colors 

1.51 

1.51 

2.0 

Vector 

W20-15-15B 

- 

holds 1/16” p.c. cards 

inner panels, 

consult mfr for 
latest colors 

2.31 

3.81 


Vector 

W10-23-38B 

Al 

holds 1/16" p.c. cards 


consult mfr for 
latest colors 


chart continued on following page 49 
































INSTRUMENT CASES 


Length 

Height 

Depth 

Mfr. 

Model No. 

Case Material 

Comments 

Options 

Color 

2.85 

2.11 

4.5 

Vector 

W45-28-21B 

Al 

holds 1/16" p.c. cards 

Inner panels. 

consult mfr for 

2.85 

4.61 

1.6 

Vector 

W16-28-46B 

Al 

holds 1/16" p.c. cards 

j™, 

consult mfr for 
latest colors 

2.85 

4.61 

2.0 

Vector 

W20-28-46B 

Al 

holds 1/16" p.c. cards 

inner panels. 

consult mfr for 

3.10 

2.11 

1.6 

Vector 

W16-31-2 IB 

Al 

holds 1/16" p.c. cards 


consult mfr for 
latest colors 

3.10 

3.10 

1.6 

Vector 

W16-31-31B 

Al 

holds 1/16" p.c. cards 

base; bezels 

consult mfr for 
latest colors 

3.10 

3.10 

2.0 

Vector 

W20-31-31B 

Al 

holds 1/16" p.c. cards 

base; bezels 

consult mfr for 

3.10 

4.17 

2.0 

Vector 

W20-42-31B 

Al 

holds 1/16" p.c. cards 

zr 

consult mfr for 
latest colors 

4.61 

2.11 

4.5 

Vector 

W45-46-21B 

Al 

holds 1/16" p.c. cards 

£r c ~“- 

consult mfr for 
latest colors 

4.61 

3.10 

2.0 

Vector 

W20-46-31B 

Al 

holds 1/16" p.c. cards 

inner panels, 
base; bezels 

consult mfr for 

4.61 

3.61 

2.0 

Vector 

W20-46-36B 

Al 

holds 1/16" p.c. cards 

inner panels. 

consult mfr for 
latest colors 

4.61 

4.62 

3.0 

Vector 

W30-46-46B 

Al 

holds 1/16" p.c. cards 

base; bezels 

consult mfr for 
latest colors 

4.61 

6.17 

2.0 

Vector 

W20-46-62B 

Al 

holds 1/16" p.c. cards 

inn., pen.,,. 

consult mfr for 
latest colors 

4.61 

6.61 

2.0 

Vector 

W20-46-66B 

Al 

holds 1/16" p.c. cards 

inner panels, 
base; bezels 

consult mfr for 
latest colors 

6.61 

3.61 

2.0 

Vector 

W20-66-36B 

Al 

holds 1/16" p.c. cards 


consult mfr for 
latest colors 

6.61 

4.61 

2.0 

Vector 

W20-66-46B 

Al 

holds 1/16" p.c. cards 

base, slide 
panels, bezels 

consult mfr for 
latest colors 

6.61 

4.61 

3.0 

Vector 

W30-66-46B 

Al 

holds 1/16" p.c. cards 

base; slide 
panels, bezels 

consult mfr for 

6.61 

4.61 

4.5 

Vector 

W45-66-46B 

Al 

holds 1/16" p.c. cards 

base; slide 
panels, bezels 

consult mfr for 

8.61 

4.61 

3.0 

Vector 

W30-86-46B 

A, 

holds 1/16" p.c. cards 

inner panels, 

base; slide 
panels, bezels 

consult mfr for 
latest colors 

8.61 

4.61 

4.5 

Vector 

W45-86-46B 

A, 

holds 1/16" p.c. cards 

base; slide 
panels, bezels 

consult mfr for 
latest colors 

10 

4.61 

3.0 

Vector 

W30-100-46B 

Al 

holds 1/16" p.c. cards 

inner pane's. 

consult mfr for 

10 

4.61 

4.5 

Vector 

W45-100-46B 

Al 

holds 1/16" p.c. cards 

inner panels, 
base 

consult mfr for 
latest colors 

10 

6.61 

3.0 

Vector 

W30-100-66B 

Al 

holds 1/16" p.c. cards 

inner panels. 

consult mfr for 
latest colors 

10 

6.61 

4.5 

Vector 

W45-100-66B 

Al 

holds 1/16" p.c. cards 

base 

consult mfr for 
latest colors 

13 

7 

8 

Bud 

MD-1960 

Steel 

removable side & top 

1963 for slope 
front 

I grey or blue 
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PORTABLE INSTRUMENT CASES 


Length 

Height 

Depth 

Mfr. 

Model No. 

| Case Material 

Comments 

Options 

| Color 

9-1/2 

3-1/2 

13 

Premier 

TIC-030913 

Al/vinyl 

top carrying handle 





9-1/2 

5-1/4 

13 

Premier 

TIC-050913 

Al/vinyl 

top carrying handle 





9-1/2 

7 

13 

Premier 

TIC-070913 

Al/vinyl 

top carrying handle 





9-1/2 

8-3/4 

13 

Premier 

TIC-080913 

Al/vinyl 

top carrying handle 





9-1/2 

10-1/2 

13 

Premier 

TIC-100913 

Al/vinyl 

top carrying handle 





9-1/2 

9-1/2 

12-1/4 

14 

13 

13 

Premier 

Premier 

TIC-120913 

TIC-140913 

Al/vinyl 

Al/vinyl 

top carrying handle 

top carrying handle 

tilts 
rack ac 
PC car 

Eb 

13 

color 

able. 

manu 

Consult 

9-1/2 

3-1/2 

17 

Premier 

TIC-030917 

Al/vinyl 

side carry handgrips 





9-1/2 

5-1/4 

17 

Premier 

TIC-050917 

Al/vinyl 

side carry handgrips 





9-1/2 

7 

17 

Premier 

TIC-070917 

Al/vinyl 

side carry handgrips 





9-1/2 

8-3/4 

17 

Premier 

TIC-080917 

Al/vinyl 

side carry handgrips 





9-1/2 

10-1/2 

17 

Premier 

TIC-10017 

Al/vinyl 

side carry handgrips 





9-1/2 

12-1/14 

17 

Premier 

TIC-120917 

Al/vinyl 

side carry handgrips 





9-1/2 

14 

17 

Premier 

TIC-14017 

Al/vinyl 

side carry handgrips 





11-1/3 

3-1/2 

13 

Buckeye 

3503 

Al 

concealed fasteners 

tilt stand; 
rack adapter 



11-1/3 

5-1/4 

13 

Buckeye 

5253 

Al 

concealed fasteners 

tilt stand; 
rack adapter 



11-1/3 

7 

13 

Buckeye 

7003 

Al 

concealed fasteners 

rack adapter 

grey 

suede 

-like 










finish. Consult 

11-1/3 

8 

13 

Buckeye 

8003 

Al 

concealed fasteners 

tilt stand; 
rack adapter 



11-1/3 

8-3/4 

13 

Buckeye 

8753 

Al 

concealed fasteners 

rack adapter 



11-1/3 

10-1/2 

13 

Buckeye 

10503 

Al 

concealed fasteners 

tilt stand; 
rack adapter 



12-1/2 

6-3/4 

11-5/8 

La France 

CLS 625 

ABS 


tilt stand 












Stock and 

12-1/2 

7-3/4 

11-5/8 

La France 

CLS725 

ABS 


tilt stand 

custom color 

12-1/2 

8-3/4 

11-5/8 

La France 

CLS 825 

ABS 


tilt stand 

manufa 


15-5/8 

3-1/2 

13 

Premier 

TIC-031513 

Al/vinyl 

side carry handgrips 

tilt stand; 

PC card cages 



15-5/8 

5-1/4 

13 

Premier 

TIC-051513 

Al/vinyl 

side carry handgrips 

tilt stand; 

PC card cages 



15-5/8 

7 

13 

Premier 

TIC-071513 

Al/vinyl 

side carry handgrips 

tilt stand; 

PC card cages 



15-5/8 

8-3/4 

13 

Premier 

TIC-081513 

Al/vinyl 

side carry handgrips 

tilt stand; 

PC card cages 



15-5/8 

10-1/2 

13 

Premier 

TIC-101513 

Al/vinyl 

side carry handgrips 

tilt stand; 

PC card cages 




























WITH SO MANY FINE DIGITAL CIRCUITS BE- 
ing presented in electronic hobbyist mag¬ 
azines, one is tempted to construct them 
at the earliest possible opportunity. These 
articles generally present the projects us¬ 
ing one of two construction techniques — 
either using a printed-circuit type of con¬ 
struction, or wire-wrap techniques. Little 
needs to be said about the PC board type 
of project construction, since usually a 
complete PC layout is provided with the 
article that can be copied using many 
different techniques to reproduce the cir¬ 
cuit (or sometimes a PC layout may even 
be offered by a manufacturer at a bargain 
price). 

This article discusses the wire-wrap 
technique and presents several ways to 
cut down on the time-consuming job of 
wire-wrapping each and every individual 
terminal point. The technique is useful 
for digital and computer-circuit applica¬ 
tions, and hams and CB enthusiasts will 
also find it useful. 


Wire-wrap tools 

First, let’s discuss the various tools and 
wire-wrap terminals that are currently 
available to the hobbyist. An example is 
the wire-wrap tool manufactured by the 
OK Machine & Tool Corp. The cost of 
this tool is nominal for what it will do; 
i.e., wire-wrap a measured and stripped 
length of wire between two terminals. It 
does the job quickly (after the wire is 
prepared) and is an excellent addition to 
your electronic tool kit. Not only does it 
wrap the wire, it is also designed to 
unwrap it, which adds up to a good design 
in a single tool. 

Now, here’s what I consider to be a 
versatile wire-wrap tool — the Vector Slit- 
N-Wrap. Here, an ingenious design 
makes wire-wrapping a simple job. No 
need to measure the wire length between 
terminals that will be wire-wrapped to¬ 
gether to form the circuit path. This 
single tool allows you to slip the tool (the 
wire is contained on a spool in the tool’s 



Combining wire-wrap with a printed circuit 

can be the answer to many layout and construction 

problems connected with many projects. 

Here are some hints in using this technique. 
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handle) over the terminal, wrap the wire 
seven turns or more and then directly run 
the wire to the next terminal to be 
wrapped, again slipping the tool over the 
end of that terminal and wrapping seven 
times around the post. If the particular 
circuit path must be wired to more than 
two terminal posts, then this tool allows 
you to continue wrapping to the next post 
without having to measure a new wire 
length. Just continue to wrap all the 
terminals that must be connected to this 
particular circuit path. When the last 
terminal in the series to be wire-wrapped 
is finished, just cut the wire and proceed 
to the next circuit path. It is just that 
simple with the Vector Slit-N-Wrap tool, 
and a great time-saver. 

One of the nicest things that Vector 
has done is to support the needs of those 
who must use wire-wrap for their circuits. 
Vector has a complete line of wire-wrap 
posts and the tools to insert them in the 
epoxy boards. 

Sockets 

There are also IC wire-wrap sockets 
that are usually available with three levels 
of wrapping space. Many companies offer 
these sockets; and, of course, the choice 
of terminal pins or sockets is up to you. 
However, Robinson-Nugent, Inc., has an 
extensive line of different types of sock¬ 
ets, terminals and pins. One of the most 
handy types of sockets is the wire-wrap 
strip socket (model WB-25-55-G), which 
comes in a 25-pin-length IC connector. 
These sockets are easily cut to the pin 
length you need, are easily cemented to 


the board for mounting and are flexible if 
changes are required. If you have an 
oddball type of IC (let’s say, 22-pins, 30- 
pins, etc.) and you just cannot find the 
right wire-wrap socket for it, then these 
strip sockets can come to the rescue. 
Simply cut the strip to size and form the 
IC socket from it. 

Another excellent product manufac¬ 
tured by Robinson Nugent is their low- 
profile, wire-wrappable J-pin designed 
for IC DIP packages. These pins offer an 
extreme low profile to the circuit board; 
sockets can be made from them directly; 
they are space-savers; and are wire- 
wrapped to the underside of the J-pin. 

Avoiding the jungle 

Up to now we have discussed the tools, 
terminals and many other products of¬ 
fered by manufacturers that support the 
wire-wrap construction technique. Now 
let’s get to the heart of the article—how 
to avoid the jungle and mass of wires 
when you wire-wrap. If you are like many 
hobbyists who have used the technique 
and have completed several wire-wrap 
projects, you will know what I mean by a 
jungle. The back of a finished wire-wrap 
board contains hundreds of inches of 
wire, and many wires cross each other, 
along with various colors you may have 
used to color-code the wires. If a change 
is made, you must be very careful to cut 
or unwrap the correct wires, and if several 
levels of wire-wrap exist on any single 
terminal, extra care is needed to make 
these changes. 

There are ways to cut down on the 


number of wire-wrap connections you 
have to make. You can combine a 
printed-circuit board with wire-wrap ter¬ 
minals. The number of connections can 
be reduced by using a combination of 
similar lines, wire-wrap sockets, and just 
plain common sense and planning. For 
example, when a construction, project 
calls for similar pinouts to be connected, 
as in the case of a computer memory 
board, print the redundant connections to 
the IC sockets right on a PC board. Then 
just solder in the similar terminals to be 
connected, either to the upper side or the 
lower side of the PC board. 

As for other electronic circuits, review 
your project and look for similar pinouts 
of the IC; for instance, the power connec¬ 
tions, the clock inputs, or a group of IC’s 
that are of the same type. All that you 
need do is plan a PC card (double-sided 
copper), layout the IC on the board, use 
an etchant pen or lacquer etchant to draw 
the connecting lines that are redundant in 
nature (after drilling the holes into the 
PC board, of course), and eliminate as 
many wire-wrap connections as possible 
in the design. Be sure to provide for the 
terminal pins that act as connectors be¬ 
tween the foils on the top of the board to 
the foils on the bottom of the board. Once 
the design has eliminated as many wire- 
wrap lines as possible, etch the board, 
clean it, insert the sockets or J-pins, and 
finish wrapping the circuit paths you 
could not combine onto the PC card. 
With the right design and careful prepa¬ 
ration, the PC lines will eliminate as 
much as one-half or more of the wire- 
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wrap lines. Rather than having a jungle of 
wires, you will have an orderly system 
that is easy to change or add to. It 
works! 

How to design a PC board 

Let’s take a particular type of IC pack¬ 
age and design a PC card and plan the 
wire-wrap terminals. (See Fig. 1.) I can 
best show how to eliminate redundant 
lines by using the popular 2102 memory 
IC. I have constructed a memory card, 
3‘A inches wide by 7 inches long, contain¬ 
ing over 64 IC’s. Consider this: Eight 
2102’s provide a memory word that is 8 
bits wide.This means eight 2102’s will 
provide 1024 8-bit memory locations. 
Each 2102 has 16 pins, eight on each side. 
Of the 16 pins, 10 are used for the memo¬ 
ry address, one for read-write control, 
and one for chip-enable. Of the four 
remaining pins, one is used for the posi¬ 
tive power-supply connection and one for 
the ground or return connection. All 
these pins are paralleled together between 
the eight 2102’s. Only the data-in pin and 
the data-out pins will be considered as 
separate line- or wire-wrap connections. 
Of course, if several 8-bit-wide memory 
banks are being considered, these same 
pins will be paralleled to the same pins 
within the other memory banks. 

Let’s take a look at how we can elimi¬ 
nate some wire-wrap connections so that 
there are only a few. This will enable you 
to get a large number of IC packages in a 
very tight space. 

Figure 1 shows the layout of the dou¬ 
ble-sided PC board. Two memory banks 
are shown. Each bank contains 1024 8-bit 
words. One bank consists of IC1—IC8, 
the upper lines of the PC layout and the 
terminal pins for wire-wrapping. The oth¬ 
er consists of IC9—IC16. The eight foil 
traces on the foil side of the board parallel 
eight traces on the component side and 
are, therefore, not visible in Fig. 1. 

Note from the layout for the 64 IC’s 
(8K of memory, 2102 type) that only 32 
holes are drilled for each 1K of memory. 
These holes are for the upper eight pins 
(one side) of the DIP wire-wrap socket. 

Bend eight socket terminals (only one 
side of the DIP) at a right angle to the 
socket (see Fig. 2), cut the leads short and 
insert the other eight socket pins through 
the holes to be soldered to the lower PC 
traces. The right-angle pins are soldered 
to the upper PC traces. Thus, there are 
eight parallel foil traces on the upper and 
lower side of the PC card that are isolated 
by the thickness of the epoxy board 
itself. 

To make sure the eight socket pins that 
are pushed through the board do not 
make contact with the upper eight paral¬ 
lel foil traces, it is best to take an Xacto 
knife with a No. 17 blade and ream the 
holes from the top of the PC board (see 
Fig. 3). To further insure isolation, use 
enamel paint to cover the holes on the top 
side. Now, when the sockets are pushed 


into place, the top right-angle pins and 
the lower terminal pins are soldered, and 
the lower eight pins and the upper eight 
pins are electrically isolated from each 
other. This type of setup requires that 
when you insert the sockets, you start 

IC SOCKET-STANDARD 16 PIN 


NOTE: ROBINSON NUGENT STRIP SOCKETS 
CAN BE ALSO USED 



TERMINAL PINS ARE SOLDERED TO LOWER 
SIDE OF PC CARD-THEN CUT OFF. DO NOT CUT 


PINS WHICH ARETO BE USED F0RWIREWRAP POINTS 
FIG. 2—HOW SOCKETS ARE MODIFIED when 
you are using the combined printed-circuit and 
wire-wrap techniques. 



REAM UPPER 
'SIDE ONLY 


PC LINEv 


NOTE: UPPER AND LOWER LINES ARE IN LINE. 
LOWER ARE NOT SHOWN. 



—I 062 |— 


CROSS SECTION OF EACH HOLE 

FIG. 3—ISOLATING THE PINS that go through 
the board to the bottom traces is simple. You 
can use an Xacto knife as a reamer. 

from the uppermost top socket (IC1) and 
solder the connections. Then, to protect 
against possible shorts, paint over the top 
soldered pins with the enamel. Now, the 
next row of IC sockets can be soldered in 
place until all sockets are mounted to the 
PC board. 

When you design the PC layout, bring 
the eight foil traces on the component 
side to a stopping point beyond the foil 
traces on the bottom of the board. On the 
component side, also extend the IC en¬ 
able trace at the opposite end of the board 
and break the trace between IC8 and IC9 
(this isolates the two memory banks). 


Now (for the traces on the component 
side only) drill eight holes into the 
extended portion of the traces, insert 
eight terminal pins and solder the pins. 

For the eight foil traces on the bottom 
side of the board, cut the socket terminals 
short right up to the solder connection, all 
except for the top row of terminals. This 
row of terminals is now used for wire- 
wrap connections to the traces on the 
bottom side of the board. Make sure not 
to cut the data-in or data-out pins on the 
sockets since these pins will be paralleled 
to the other data-in and data-out pins and 
finally wire-wrapped to the input for the 
cable connections to the card. 

On the component side of the card, you 
can use PC lines to make edge-connector 
fingers, the type of fingers or number of 
lines will depend upon the type of bus to 
which the card will be connected. Or, you 
can make a provision for wiring in a cable 
to connect to the bus lines. (Wires should 
be soldered in, and you can use the wire- 
wrap pins that allow wire-wrapping to the 
lower side of the wire cable.) Finally, for 
the fingers or the wire cable, insert the 
wire-wrap terminal pins, solder them 
firmly to the card, and finish the PC 
board by wire-wrapping the connections 
to the appropriate pinouts for the particu¬ 
lar bus structure. 

What you have just constructed is a 
compact tri-level PC board. Redundant 
or similar lines have been connected by 
foil traces, soldered to the sockets (modi¬ 
fied for solder connections to the PC 
board), and all that remains is to wire- 
wrap the end terminal pins of each row of 
IC’s. The few wire-wrap wires you have 
used can be taped to the card to secure 
them; changes made to the circuit are 
easier as each line is accessible, both top 
and bottom. With an 8V2- by 4‘/2-inch 
card, there is no reason why 64 DIP IC’s 
cannot be located on it. It is possible that 
on a 9- by 16-inch-wide card you can 
cram in four times the number of IC’s, 
and in terms of memory for computers, 
provide a 32K board. What we have not 
provided for on this type of memory 
board is bank-select in IK increments, 
nor did we buffer the memory address 
lines or buffer the data lines. However, 
this problem is easily overcome by a 
second memory control and select card of 
appropriate design. 

What we have demonstrated are the 
principles of combining the best of two 
worlds in project construction; that is, 
using PC layouts (to eliminate many 
redundant lines to the various IC’s) and 
using wire-wrap sockets modified to the 
card for solder and wire-wrap connec¬ 
tions. Using this technique you can fit a 
great many IC’s in a highly crowded -n 
space, and wire-wrapping the final con- 3 
nections is made simple. Less than one- j5 
half of the wire-wrap connections will be > 
required by this type of construction, yet -< 
all lines are accessible if changes or addi- 5 
tions to the circuit are required. R-E to 















New IHF Amplifier 
Specifications 

Amplifier comparisons made more realistic for the layman by 
a new IHF testing standard that provides a closer correlation 
between what he hears and what the tab technician measures. 

LEN FELDMAN 

CONTRIBUTING HI-FI EDITOR 


AFTER NEARLY THREE YEARS OF DELIB- 

erations, the Institute of High Fidelity 
(IHF) has published and approved a new 
standard entitled “Methods of Measure¬ 
ment for Audio Amplifiers.” This stan¬ 
dard (IHF-A-202, 1978) supersedes an 
earlier IHF standard that had been used 
since 1966 but rendered obsolete in 1974 
when the Federal Trade Commission 
ruled that the continuous power rating of 
an audio amplifier intended for home 
entertainment had to be specified in a 
somewhat different manner than had 
been done using the old standard. 

One of the major new measurements 
incorporated in the new standard is dy¬ 
namic headroom. This measurement was 
designed to help consumers select one of 
two amplifiers having the same continu¬ 
ous power-output ratings but achieving 
significantly different loudness levels 
when fed with the same short-term dy¬ 
namic musical signals. 

An amplifier having a very “stiff” pow¬ 
er supply may produce very little more 
output power than its rated continuous 
power level under such conditions, 
whereas an amplifier with a “soft” or less- 
regulated supply may, under the same 
conditions, deliver power greater than its 
continuous rated level. The dynamic 
headroom dB specification may therefore 
vary from 0 (for the stiffly regulated 
power-supply amplifier) to +3.0, or even 
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Now that the new standard has become 
officially recognized by the IHF, let’s 
look at some of the other new measure¬ 
ment methods it describes. The new stan¬ 
dard attempts to correlate more accurate¬ 
ly what the consumer hears when listen¬ 
ing to an amplifier and what the techni¬ 
cian measures for that amplifier during 


lab tests. Equally important, the new 
standard insures that all manufacturers 
that publish amplifier or preamplifier 
specs make all measurements in identical 
fashion and report their findings uni¬ 
formly so that prospective purchasers are 
not comparing “apples and oranges” 
when looking at competing products. 

Since Radio-Electronics publishes 
complete high-fidelity test reports on au¬ 
dio amplifiers and preamplifiers, in fu¬ 
ture reports, we will adopt the new mea¬ 
surement techniques described in the 
standard. While to detail every one of the 
new measurements is beyond the scope of 
this article, we’ll try to explain those 
major changes in measurement tech¬ 
niques that will affect the test reports. 
Those interested in obtaining the com¬ 
plete standard may do so by sending a 
check or money order to The Institute of 
High Fidelity, 489 Fifth Avenue, New 
York, NY 10017, in the amount of $7.50. 
Ask for Standard IHF-A-202, 1978. 

New reference levels 

One of the most confusing factors 


"NEW"SENSITIVITY FOR lOWAMPv 
"NEW" SENSITIVITY FOR 100W AMP, \ 



FIG. 1—NEW IHF SENSITIVITY rating specifies 
the input voltage required to produce a 1-watt 
output. 


found in published amplifier specifica¬ 
tions has been the lack of uniformity in 
the reference levels used to make sensitiv¬ 
ity and signal-to-noise ratio measure¬ 
ments. For instance, let’s consider two 



FIG. 2—NEW IHF S/N RATIO STANDARD spe¬ 
cifies reference input level and output level. 
The volume control is adjusted to obtain the 
specified 1-watt output level. The old standard 
required S/N to be measured at full-rated 
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FIG. 3—RESPONSE of A-weighting network 
used in hum measurements. 



nected to phono preamp for S/N measure¬ 
ments. 

audio amplifiers, one with a 10-watt pow¬ 
er-output rating and the other with a 100- 
watt-per-channel rating. An amplifier’s 
input sensitivity has traditionally been 
measured so as to describe how much 
input-signal amplitude is required for the 
given amplifier to deliver its rated output 
(with the volume control turned all the 
way up to maximum). Suppose each of 
the two amplifiers in our example re¬ 
quires an input signal of 1.0 volt to deliver 
its rated output. This implies that both 
amplifiers have “equal sensitivity.” Yet, 
if 1 volt is fed into the 100-watt-per-chan- 
nel amplifier, it will sound 10-dB louder 
than if it were fed to the 10-watt-per- 
channel amplifier! It is therefore clear 
that the gain of the two amplifiers is not 
identical. 

In the new standard, amplifier sensitiv¬ 
ity is still measured with the volume 
control turned up fully, but now it is spec¬ 
ified as the voltage required to produce 
1.0 watt at the speaker-output terminals 
(or 0.5 volts in the case of a separate 
preamplifier), regardless of the full power 
(or voltage output) rating. Using that 
reference output level in the two exam¬ 
ples, the input sensitivity of the 10-watt 
amplifier is now 0.316 volt (for a 1-watt 
output), while the input sensitivity of the 
100-watt-per-channel amplifier is 0.1 volt 
(for a 1-watt output). These concepts are 
shown in Fig. 1, in which power output 
for the two amplifiers is plotted against 
input voltage. 

S/N reference levels 

Even more confusing were previous 


methods of measuring signal-to-noise 
(S/N) ratios. 

Again, let’s look at two hypothetical 
amplifiers. One integrated amplifier has a 
phono-input sensitivity of 2.0 mV (i.e., 
2.0 mV applied to the phono-input termi¬ 
nals at 1 kHz drives the amplifier to its 
full rated output if the volume control is 
turned up all the way). Let’s assume that 
the S/N measurement (when the signal is 
removed and the input jacks are shorted) 
is 65 dB. 

Another amplifier manufacturer, 
whose phono preamplifier is just as noisy 
as the first, decides that a 65-dB value 
does not look “good enough” in print. So, 
he chooses an input reference level of 10 
mV. But, of course, when 10 mV are 
applied to this amplifier, the amplifier 
will overload (since it, too, would produce 
full rated output from a 2.0-mV signal 
with the volume control turned up fully). 


Therefore, the manufacturer lowers the 
volume-control setting until rated power 
output is obtained once more. And he 
would have to lower it by approximately 
14 dB! Assuming that the residual noise 
is a function only of the phono preamplif¬ 
ier, the manufacturer now reads a S/N 
ratio of 79 dB, even though the preamp 
section in his unit is no less noisy than 
that of his competitor! 

In order to establish uniform S/N 
readings, the new standard dictates that 
the input-signal level be fixed at 5.0 mV 
for a magnetic phono section, and at 0.5 
volt for a high-level input such as thq,, 
tuner, auxiliary, or tape input on a pream- \- 
plifier or integrated amplifier. In addi¬ 
tion, the output reference level must be 
adjusted (as in the case of sensitivity 
measurements) to a 1.0-watt level (for a 
power amplifier) or 0.5 volt (for a pream¬ 
plifier). This adjustment is made by using 


PRIMARY SPECS FOR POWER AMPLIFIERS: 

1. Continuous Average Power Output . 

2. Dynamic Headroom .. 

3. Frequency Response... 

4. Sensitivity... 

5. A-Weighted Signal-To-Noise Ratio... 

PRIMARY SPECS FOR PREAMPLIFIERS: 

1. Frequency Response... 

2. Maximum Voltage Output... 

3. Total Harmonic Distortion... 

4. Sensitivity ... 

5. A-Weighted Signal-To-Noise Ratio. 

6. Maximum Input Signal . 

7. Input Impedance . 

PRIMARY SPECS FOR INTEGRATED AMPLIFIERS: 

1. Continuous Average Power Output ... 

2. Dynamic Headroom . 

3. Frequency Response . 

4. Sensitivity . 

5. A-Weighted Signal-To-Noise Ratio . 

6. Maximum Input Signal . 

7. Input Impedance . 


TABLE 1—PRIMARY SPECS that must be provided by manufacturer to comply w 


. Clipping Headroom. 

!. Output Impedance. 

i. Wideband Damping Factor. 

i. Low-Frequency Damping Factor. 

i. CCIR/ARM Signal-To-Noise Ratio. 

i. Tone-Control Response. 

'. Filter Cutoff Frequency. 

I. Filter Slope. 

I. Crosstalk.. 

I. A-Weighted Crosstalk. 

I. CCIR/ARM Crosstalk. 

!. SMPTE Intermodulation Distortion.... 

i. IHF Intermodulation Distortion. 

i. Transient-Overload Recovery Time... 

i. Slew Factor. 

>. Reactive Load. 

r . Capacitive Load... 

). Separation. 

). Difference of Frequency Response.... 

). Gain-Tracking Error. 

I. Tone-Control Tracking Error. 


TABLE 2—SECONDARY SPECS til 


>y be provided at manufacturer’s discretioi 
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TABLE 3 

RADIO-ELECTRONICS PRODUCT TEST REPORT 
Manufacturer: Model: 

AMPLIFIER PERFORMANCE MEASUREMENTS 

R-E R-E 

POWER OUTPUT CAPABILITY Measurement Evaluation 

RMS power/channel, 8-ohms, 1 kHz (watts) 

RMS power/channel, 8-ohms, 20 Hz (watts) 

RMS power/channel, 8-ohms, 20 kHz (watts) 

RMS power/channel, 4-ohms, 1 kHz (watts) 

RMS power/channel, 4-ohms, 20 Hz (watts) 

RMS power/channel, 4-ohms, 20 kHz (watts) 

Frequency limits for rated output (Hz-kHz) 

Dynamic headroom (dB) 

DISTORTION MEASUREMENTS 
Harmonic distortion at rated output, 1 kHz (%) 

Intermodulation distortion, rated output (%) 

Harmonic distortion at 1-watt output, 1 kHz (%) 

Intermodulation distortion at 1-watt output (%) 

DAMPING FACTOR AT 8 OHMS, 50 Hz 
PHONO PREAMPLIFIER MEASUREMENTS 
Frequency response (RIAA ± dB) 

Maximum input before overload (mV) 

Hum/noise, "A"-weighted, referenced to 1Wor0.5Voutput, 
lor 5-m V input (dB) 

HIGH-LEVEL INPUT MEASUREMENTS 

Frequency response (Hz-kHz, ± dB) 

Hum/noise, “A" wt’d, re 0.5 or 1Wout, 0.5Vin (dB) 

Residual noise, “A" wt’d, minimum volume, re 1W out (dB) 

TONAL COMPENSATION MEASUREMENTS 

Action of bass and treble controls See Fig. 

Action of secondary tone controls See Fig. 

Action of high- and low-frequency filters See Fig. 

COMPONENT MATCHING MEASUREMENTS 
Input sensitivity, PH-1/PH-2, re 1W or 0.5V out (mV) 
input sensitivity, high-level, re 1W or 0.5V out (mV) 

Output level, tape outputs, at rated output (mV) 

Output level, headphone jack, at rated output (mV or mW) 

EVALUATION OF CONTROLS, 

CONSTRUCTION AND DESIGN 

Adequacy of program source and monitor switching 

Adequacy of input facilities 

Front panel layout 

Action of controls and switches 

Design and construction 

Ease of servicing 

OVERALL AMPLIFIER PERFORMANCE RATING 


the master volume control. This makes a 
lot of sense since it places the master 
volume control at a setting that approxi¬ 
mates that which a consumer would nor¬ 
mally use in actual music listening. No 
one ever listens to a hi-fi stereo system 
with the volume control turned up fully 
(in most cases, this would overdrive the 
amplifier or preamplifier into severe clip¬ 
ping, since amplifier gain has nothing to 
do with maximum amplifier power or 
voltage output). 

Figure 2 shows the old and the new 
methods of measuring signal-to-noise; it 
is assumed that other amplifier stages do 
not affect overall noise. Actually, we have 
already discovered that very often you 
(p cannot compute new S/N values from the 
old values (even taking into account new 
O reference input and output levels) since, 
f as the new input and output reference 
uj levels are set up (by the volume control 
uj and by varying signal-input levels), other 
6 noise-producing stages affect the mea- 
Q surement. Thus, it is next to impossible to 
cc convert from the old measurement meth- 
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od to the new by simply juggling dB and 
gain figures. 

A-weighting 

In the past, some manufacturers used a 
weighting network in signal-to-noise 
measurements while others did not. A 
weighting network recognizes the fact 
that the human hearing system does not 
respond equally to all audible frequen¬ 
cies, especially at low listening levels. Our 
ears are less sensitive to line frequency or 
hum than to mid-frequencies, and are also 
less sensitive to ultra-high frequencies. In 
the past some manufacturers used an 
A-weighting network to take into account 
the subjective aspects of residual noise. 
This network has a frequency-response 
characteristic that is shown in Fig. 3, in 
which you will note that much less impor¬ 
tance is given to 60-Hz noise (about 20- 
dB less) than to noise at, say, 1 kHz. 
Similarly, noise at 10 kHz is given 
approximately 5-dB less importance than 
noise at mid-frequencies. 

The new standard is in conformance 


with those manufacturers who have used 
an A-weighting network in making 
S/N measurements, and requires that 
type of network to be inserted between 
the output of the amplifier and the meter 
used to measure the noise voltage or 
residual noise. 

Most manufacturers have traditionally 
measured phono signal-to-noise ratios by 
inserting a shorting plug in the phono- 
input jacks. In the case of many phono- 
preamplifier circuits, this test method 
does not reflect what actually happens 
when you connect a magnetic cartridge to 
those same phono inputs. A magnetic 
cartridge has a certain amount of DC 
resistance, plus a finite amount of induc¬ 
tance. Instead of inserting a shorting 
plug, the new standard requires using a 
network that approximates the complex 
impedance “observed” by the phono in¬ 
puts when a cartridge is actually connect¬ 
ed; a diagram of this network is shown in 
Fig. 4. 

For making S/N measurements of the 
high-level inputs on an amplifier or pre¬ 
amplifier, a 1000-ohm resistor will be 
used to terminate the input jacks. 

Primary amp/preamp ratings 

To rate amplifiers according to the new 
IHF standards, the manufacturer must 
list certain primary ratings in order of 
their importance. For a basic power am¬ 
plifier, five basic ratings must be shown; 
while for an integrated amplifier or a 
preamplifier, seven primary ratings must 
be given. Table 1 lists the primary ratings 
in each case. 

At least 21 other secondary ratings and 
how to measure them are included in the 
IHF standards, and can be listed (in part 
or in whole) by the manufacturer at his 
own discretion. Table 2 shows these sec¬ 
ondary ratings. 

Future test reports 

It has been Radio-Electronics’ practice 
to publish tabular listings of measured 
results on amplifiers, receivers and pre¬ 
amplifiers in its high-fidelity test reports. 
Table 3 shows the form that will be used 
in future test reports. The italicized items 
in this table represent either new specs 
not previously reported on, or those that 
have been reported on using earlier tech¬ 
niques and that will now be measured in 
accordance with the new standards. Since 
it will probably take some time before all 
manufacturers begin to use the standards, 
it may be somewhat difficult to compare 
their published specifications with those 
measured according to the new standard. 
For example, signal-to-noise ratios may 
seem poorer or lower than those specified 
using older methods. 

In time, however, it is hoped that most 
serious high-fidelity manufacturers will 
adopt the new measurement techniques 
and ratings; this will make it that much 
easier for an audio consumer to select 
good hi-fi amplification equipment. R-E 
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Yamaha CR-420 
AM/FM Receiver 



CIRCLE 130 ON FREE INFORMATION CARD 


THE PUBLISHED SPECIFICATIONS FOR YAMAHA’S 
relatively low-powered model CR-420 receiver 
contain one term you may not have seen 
before. This is the NDCR specification (/Voise 
Distortion Clearance Range). Yamaha (6600 
Orangethorpe Avenue, Buena Park, CA 
90622) developed this specification in the 
belief that it tells more exactly what you can 
expect from the product in terms of combined 
noise and distortion during actual use. When 
you read this claim, you’ll note that, with the 
volume control turned down 20-dB below its 
maximum (typical of normal use), the model 
CR-420 receiver produces no more than 0.1% 




combined noise and distortion at any listening 
level from 100 mW to the full rated output of 
22 watts-per-channel. While it can be argued 
that distortion at a — 60-dB level (compared 
with output level) is far less annoying than 

MANUFACTURER’S PUBLISHED SPECIFICATIONS: 

FM TUNER: 

Usable Sensitivity (mono): 1.8 juV (10.3 dBf). 50-dB Quieting: mono; 3.5 /xV (16.1 dBf); 
stereo, 43.5 /xV (38 dBf). S/N Ratio: mono, 77 dB; stereo, 71 dB. Capture Ratio: 1.0 dB. 
Selectivity: 65 dB. Image Rejection: 50 dB. AM Suppression: 56 dB. IF and Spurious 
Rejection: 75 dB. Harmonic Distortion: mono, 0.15% at ’100 Hz and 1 kHz, 0.3% at 6 
kHz; stereo, 0.25% at 100 Hz and 1 kHz, 0.8% at 6 kHz. Stereo Separation: 40 dB at 1 
kHz, 30 dB at 50 Hz and 10 kHz. Frequency Response: 30 Hz to 15 kHz, +1.0, -3.0 
dB. Muting Threshold: 5.0 /xV (19.2 dBf). 

AM Tuner: 

IHF Sensitivity: 18 /ixV per meter. Selectivity: 20 dB. S/N Ratio: 50 dB. IF and Image 
Rejection: 40 dB. Harmonic Distortion: 0.6%. 

Amplifier: 

Power Output: 22 watts-per-channel, 8 ohms, 20 Hz to 20 kHz. Harmonic Distortion: 
0.05%. IM Distortion: 0.05%. Damping Factor: 40. Input Sensitivity: phono, 2.0 mV; 
high level, 120 mV. Frequency Response: phono, RIAA ±0.5 dB; high level, 20 Hz to 
20 kHz, ±1.5 dB. S/N Ratio: phono, 91 dB (referenced to a 10-mV input); high level, 97 
dB. Noise Distortion Clearance Range: for 0.1% THD, 20 Hz to 20 kHz with volume 
control at —20 dB; phono to speakers, from 100 mW to 22 watts. Bass Range: ± 12 dB 
at 50 Hz. Treble Range: ± 11 dB at 20 kHz. High Filter Cutoff: 6 dB-per-octave above 
10 kHz. Low Filter Cutoff (built-in): 12 dB-per-octave below 10 Hz. 

General Specifications: 

Power Consumption: 130 watts, 120 volts 60 Hz. Dimensions: 17%W X 6%H > 
inches D. Weight: 19 lb. Suggested Retail Price: $280. 
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noise at that same level, this extra specification 
gives you some idea of what you can expect in 
the way of dynamic range. 

The NDCR specification is only one of 
several innovative features associated with this 
low-cost receiver. The front panel of the model 
CR-420 is shown in Fig. 1. To the left of the 
long and narrow dial calibration area is a single 
tuning meter that serves as a signal strength 
meter in the AM mode and as a center-of- 
channel tuning meter for the FM mode, with 
FM frequencies calibrated at every half-MHz. 
Three tiny LED indicators to the right of the 
scales inform you whether you are listening to 
AM, FM, or stereo FM. Step-type bass and 
treble controls are located just below the 
tuning meter, and next to them is an indepen¬ 
dent loudness control. This control is used to 
change listening levels after the main volume 
control has been adjusted to realistic listening 
levels, depending upon the program source 
selected. The control covers a range (down¬ 
ward in level) of around 20 dB, and as it is 
rotated away from the flat or maximum clock¬ 
wise position, this introduces just the right 
amount of loudness compensation. This ar¬ 
rangement works far better than the usual 
combination volume/loudness-controBplus- 
switch found on many competitive receivers. 

Recording-output and program-source se¬ 
lector switches are also operated independently 
of each other. This makes it possible to feed 
one program to an associated tape deck while 

























RADIO-ELECTRONICS PRODUCT TEST REPORT 


Manufacturer: Yamaha 


Model: CR-420 


FM PERFORMANCE MEASUREMENTS 


SENSITIVITY, NOISE AND FREEDOM 
FROM INTERFERENCE 

IHF sensitivity, mono: (mV) (dBf) 

Sensitivity, stereo (mV) (dBf) 

50-dB quieting signal, mono (mV) (dBf) 

50-dB quieting signal, stereo (mV) (dBf) 
Maximum S/N ratio, mono (dB) 

Maximum S/N ratio, stereo (dB) 

Capture ratio (dB) 

AM suppression (dB) 

Image rejection (dB) 

IF rejection (dB) 

Spurious rejection (dB) 

Alternate channel selectivity (dB) 

FIDELITY AND DISTORTION MEASUREMENTS 
Frequency response, 50 Hz to 15 kHz <±dB) 
Harmonic distortion, 1 kHz, mono(%) 

Harmonic distortion, 1 kHz, stereo (%) 

Harmonic distortion, 100 Hz, mono (%) 

Harmonic distortion, 100 Hz, stereo <%) 
Harmonic distortion, 6 kHz, mono (%) 

Harmonic distortion, 6 kHz, stereo (%) 

Distortion at 50-dB quieting, mono (%) 

Distortion at 50-dB quieting, stereo (%) 

STEREO PERFORMANCE MEASUREMENTS 
Stereo threshold (mV) (dBf) 

Separation, 1 kHz (dB) 

Separation, 100 Hz (dB) 

Separation, 10kHz(dB) 

MISCELLANEOUS MEASUREMENTS 
Muting threshold (mV) (dBf) 

Dial calibration accuracy (± kHz at MHz) 
EVALUATION OF CONTROLS 
CONSTRUCTION AND DESIGN 
Control layout 
Ease of tuning 

Accuracy of meters or other tuning aids 
Usefulness of other controls 
Construction and internal layout 
Ease of servicing 

Evaluation of extra features, if any 

OVERALL FM PERFORMANCE RATING 


R-E 

Measurement 

1.7 (9.8) 
8.0 (23.3) 
2.5 (13.2) 
33.0 (35.6) 
76 
70 


Evaluation 


Good 
Excellent 
Very good 
Excellent 
Excellent 
Excellent 


Good 

Good 

Excellent 

Superb 

Superb 

Excellent 
Excellent 
Very good 
Very good 


Excellent 


Excellent 
Very good 
Excellent 
Excellent 
Very good 
Excellent 
Very good 
Excellent 


you listen to a completely different program 
source. Volume and balance controls are con¬ 
centrically mounted, and next to them is the 
tuning knob. 

The bottom of the panel contains a pushbut¬ 
ton power on-off switch; two phone jacks (for 
dual stereophonic headphone listening); speak¬ 
er selector pushbuttons for choosing one or 
both pairs of speaker systems (which can be 
connected to the model CR-420)-, a high-cut 
filter switch; an AM/FM selector pushbutton; 
a mono/stereo mode selector; and an FM 
muting switch which, when pressed to OFF, 
also switches the FM reception into the mono¬ 
phonic mode, regardless of the incoming FM 

The rear panel of the model CR-420 con¬ 
tains terminals for 75-ohm, 300-ohm FM and 
external AM antennas. Nearby are the phono 
and auxiliary input jacks as well as the tape-out 
and tape-in jacks and a chassis ground termi¬ 
nal. Two rows of spring-loaded color-coded 
speaker terminals are next, followed by a pair 
tfj of convenience AC receptacles (one switched, 
y the other unswitched). A wide variety of addi- 
q tional components can be connected to the 
cc model CR-420 receiver. 

uj Circuit highlights 

w An internal view of the chassis is shown in 
O Fig. 2. The power-supply circuitry is well 
§ isolated from low-level and RF circuits, and 
dc the two major rotary switches are connected to 


front-panel knobs via long coupling shafts and 
swivel joints. This design places the actual 
switches close to the circuits they must select. 

The front-end section of the receiver uses a 
three-gang tuning capacitor and a junction 
FET for the RF amplifier stage. The IF section 
uses a four-element ceramic filter, a two-stage 



direct-coupled amplifier and a three-stage dif¬ 
ferential amplifier with a current limiter. The 
FM demodulator is a wideband balanced-type 
ratio detector; and a phase-locked-loop 1C is 
used for multiplex stereo decoding. 

A special circuit allows the external FM 
antenna to serve for AM reception thus elimi¬ 
nating the need for a bar antenna. During AM 


reception, the FM antenna acts as a whip 
antenna because of the high impedance provid¬ 
ed by capacitors Cl and C2 (see Fig. 3). Using 
capacitor C3 to bypass the power-transformer 
primary side, the ground side of the AM 
antenna coil is grounded via the power-line 
cord; this provides a whip antenna effect. To 
increase the antenna’s sensitivity, the shorting 
bar shown in Fig. 3 bridges the terminals as 
shown. If overloading results, the bar can be 
removed. 

The power-amplifier section of the model 
CR-420 is direct-coupled and consists of a 
differential amplifier stage with constant-cur¬ 
rent circuitry, a Class-A driver stage with two- 
stage thermal compensation, a Darlington pair 
full complementary single-ended push-pull 
DC-coupled output stage, and a power-con- 
sumption limiter-type protection circuit. 

A speaker protection relay separates the 
amplifier and speakers when the power switch 
is turned on or whenever more than ± 2 volts 
DC is present at the speaker output termi¬ 
nals. 

FM measurements 

Table 1 summarizes measurements made for 
the FM tuner section. The results can be 
compared with the manufacturer’s published 
specifications shown elsewhere in this report. 
Almost every performance specification was 
either equalled or exceeded, except for the 
monophonic and stereophonic signal-to-noise 
claims, which were nontheless excellent. The 
1-kHz distortion readings of 0.06% in mono 
and 0.07% in stereo are about as low as we have 
ever read, even when lab testing the very high¬ 
est-priced separate tuners. Stereo FM separa¬ 
tion of better than 50 dB at mid-frequencies 
and above 40 dB at 10 kHz is also unusual in 
receivers in any price or power category. 

Figure 4 is a scope analysis of FM frequency 
response and separation. Note that FM de¬ 



emphasis no longer plays a part in these 
measurements since in our lab we now use a 
signal processor ahead of our FM generator, 
which applies the required pre-emphasis to the 
swept modulating test signal to achieve a flat 
“net” response. 

Figure 5 is a scope photo of AM response 
and, as is true of most stereo receivers provid¬ 
ing AM reception, response began to fall off at 
around 3 kHz. 

Amplifier measurements 

Table 2 contains a summary of all amplifier/ 
preamplifier-control measurements made on 
the model CR-420. The performance of this 
section was consistent with that of the tuner. 
Power ratings are conservatively stated since 
we obtained an output of 34.0 watts-per-chan- 
nel at mid-frequencies and 31 watts-per-chan- 
nel at 20 kHz, as opposed to the 22-watt-per- 





























channel FTC power rating claimed. At an 
actual rated output of 22 watts-per-channel (at 
mid-frequencies), harmonic distortion was an 
extremely low 0.008% while IM distortion was 
almost equally low, with readings of only 
0.009%. Distortion readings at the 1-watt level 
were largely distortion plus noise (with the 
noise component contributing more to the 
single-meter reding than the distortion), but 
they were well below Yamaha’s 0.1% NDCR 
index figure and well below the rated 0.95% 
THD figure, even ignoring that noise was a 
contributing factor to the total reading. 

The range of the bass and treble controls 
of the model CR-420 is shown in Fig. 6. Note 
that turnover frequencies are positioned lower 
(for the bass) and higher (for the treble) 
than is usual with simple feedback-type con- 



RADIO-ELECTRONICS PRODUCT TEST REPORT 


Manufacturer: V 


Model: CR-420 


AMPLIFIER PERFORMANCE MEASUREMENTS 


POWER OUTPUT CAPABILITY 

. RMS power/channel, 8-ohms, 1 kHz (watts) 

RMS power/channel, 8-ohms, 20 Hz (watts) 

RMS power/channel, 8-ohms, 20 kHz (watts) 

RMS power/channel, 4-ohms, 1 kHz (watts) 

RMS power/channel, 4-ohms, 20 Hz (watts) 

RMS power/channel, 4-ohms, 20 kHz (watts) 

Frequency limits for rated output (Hz-kHz) 

DISTORTION MEASUREMENTS 
Harmonic distortion at rated output, 1 kHz (%) 
Intermodulation distortion, rated output (%) 

Harmonic distortion at 1-watt output, 1 kHz (%) 
Intermodulation distortion at 1-watt output (%) 

DAMPING FACTOR, AT 8 OHMS 
PHONO PREAMPLIFIER MEASUREMENTS 
Frequency response (RIAA ± dB) 

Maximum input before overload (mV) 

Hum/noise referred to full output (dB) (at rated input sensi¬ 
tivity) (“A" weighted) 

HIGH LEVEL INPUT MEASUREMENTS 
Frequency response (Hz-kHz, ± dB) 

Hum/noise referred to full output (dB) (“A” weighted) 

Residual hum/noise (minimum volume) (dB) ("A" weighted) 

TONAL COMPENSATION MEASUREMENTS 

Action of bass and treble controls 

Action of secondary tone controls 

Action of low-frequency filters) 

Action of high-frequency filters) 

COMPONENT MATCHING MEASUREMENTS 
input sensitivity, phono 1/phono 2 (mV) 

Input sensitivity, auxiliary input(s) (mV) 

Input sensitivity, tape input(s) (mV) 

Output level, tape outputs) (mV) 

Output level, headphone jack(s) 

EVALUATION OF CONTROLS, 

CONSTRUCTION AND DESIGN 

Adequacy of program source and monitor switching 

Adequacy of input facilities 

Arrangement of controls (panel layout) 

Action of controls and switches 
Design and construction 
Ease of servicing 

OVERALL AMPLIFIER PERFORMANCE RATING 


Measurement 


0.008 

0.009 

0.025 


Excellent 
Excellent 
Very good 
Very good 


Very good 
Excellent 
Excellent 


Very good 
Very good 
Excellent 
Excellent 
Very good 
Very good 
Excellent 


trols. This design feature makes it possible to 
augment extreme bass or extreme treble that 
might be deficient. 

Figure 7 shows the system response at vari¬ 
ous loudness control settings. When these 
measurements and sweep-frequency analyses 
were made, the volume control remained at a 
fixed setting and only the separate loudness 
control setting was altered. At mid-frequen¬ 
cies, this control provides up to 20 dB attenua¬ 
tion, but as can be seen from the progressively 
lower amplitude sweeps, compensation at the 
bass end of the spectrum increases as the 
control setting is lowered. 

Summary 

Table 3 contains an overall product evalua¬ 
tion together with our positive conclusions 
regarding the model CR-420. Although in the 
past we have tested more costly Yamaha 
receivers and other components, this is our 
first experience with one of their lower-priced 
products. We have had an opportunity to use 
the receiver for better than two weeks, and it is 
easy to see why these receivers are well accept¬ 
ed. Yamaha has brought as much care and 
thoughtful engineering to “beginner” sets as to 
its sophisticated separate components. R-E 


TABLE 3 

RADIO-ELECTRONICS PRODUCT TEST REPORT 

Manufacturer: Yamaha Model: CR-420 

OVERALL PRODUCT ANALYSIS 

Retail price 
Price category 
Price/performance ratio 
Styling and appearance 
Sound quality 
Mechanical performance 

Comments: Yamaha is an audio component manufacturer that does not sacrifice control or quality 
when “stepping down” to its lowered power receiver designs. The tuner section (at 
least the FM) of the model CR-420 exhibited performance characteristics as good as 
those of higher-priced models, and, even though the Unit is not equipped with selecta¬ 
ble IF bandwidth, a high-enough alternate channel selectivity was balanced with an 
adequate bandwidth, so that the distortion levels observed during our tests (at full 
100% modulation levels) were incredibly low—often limited by the capabilities of our 
test equipment. Stereo separation in FM was very high. 

Perhaps more important than the measured test results was the intelligent control 
layout. The separate record-out switch and program source switch are a welcome 
innovation in a receiver at this low price and permit you to record one program source 
while listening to another. Yamaha retained the center-of-channel tuning mode for the 
single meter when it is used for FM tuning. We wish that the muting switch had been 
made independent of the stereo/mono FM mode, since the present arrangement 
prevented us from checking out some weak-signal stations in the stereo mode. 

At (or even slightly above) its rated power-output level, the model CR-420 delivers 
good tight sound that is well balanced and uncolored. With so many new speaker 
systems requiring no more power than the receiver can supply, It’s nice not to have to 
opt for a super-powered unit just to obtain other high-quality features. 



Superb 
Excellent 
Very good 
Very good 
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TABLE 1—FM SIGNAL GENERATORS 1 



20-kHz bandwidth. The need for a sec¬ 
ond oscillator and mixer is eliminated. 

This changes very little the way you 

approach overall troubleshooting. As you 
will see later, dual-conversion receivers 
require a generator that reaches accurate¬ 
ly down into the submegahertz frequen- 

First things first 

An excellent place to begin trouble¬ 
shooting is around the discriminator. You 
need an accurate 10.7-MHz signal 
source, unmodulated. Of course, if the 
discriminator comes after a series of low- 
IF amplifiers, let’s say, the 455-kHz vari¬ 
ety—that’s the signal source to use. 

The important thing to remember is 
accuracy. Today’s more expensive signal 
generators have plenty of accuracy. How¬ 
ever, you should not attempt a discrimi¬ 
nator adjustment with just any old signal 
generator. One of exceptional accuracy 
and tight stability is a must. Lacking an 
expensive generator, you may have to 
make do with one that has less stability; if 
so, always monitor its output with a 
frequency counter. 

Once the discriminator is calibrated, 
turn your attention to the IF stages 
immediately preceding it. In the Fig. 1 
example, this means you test the IF 
amplifier and limiter stages at a frequen¬ 
cy of 10.7 MHz. In a dual-conversion 
receiver, this step deals with 455-kHz 
stages. 

Go to the limiter first. You’ll discover 
that a quick meter check of the action in 
this stage indicates some things about the 
operation back towards the front end of 
the receiver, without even injecting a 
signal. Monitoring the effects, at the 
limiter, of an input signal tells you even 

After checking the limiter, assess the 
operation of the IF amplifiers and the 
associated selectivity filters. Again, cer¬ 
tain tests reveal whether or not these 
stages and components perform the way 
they are intended to. If they don’t, cor¬ 
rect the trouble before you proceed. 
Some later tests will depend on the prop¬ 
er operation of these IF stages. 

Alignment tells a story 

Knowing that transmitter trouble¬ 
shooting responds well to an alignment 
procedure in diagnosis, smart technicians 
apply similar techniques for the IF and 
RF sections of communications receiv- 
: ers. 

Therefore, if the receiver is a dual- 
conversion set, you next switch your 
cn signal generator to the high intermediate 
y frequency and test those stages. As you 
O will discover, you can verify the accuracy 
{E of your signal generator by two measure- 
^ ments—one using your frequency count- 

ix» cr, and another made at the discriminator 
O of the receiver. (Details will follow later 
Q in this article.) 

i x The same procedure works when you 
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check the receiver’s RF sections. If the 
previous tests have been performed cor¬ 
rectly, you can quickly zero-beat the 
receiver to a base transmitter or to a 
tightly controlled signal generator. (To¬ 
day’s generators (see Table 1) with digital 
settings have an accuracy that exceeds the 
FCC requirement for transmitters.) 

Next on the agenda 

It may come as a surprise that audio- 
and-squelch diagnosis follows the IF and 
RF troubleshooting procedure. Yet, us¬ 
ing a meter to check most two-way radios 
makes it easy to check out most of these 
sections—up to and including the FM 
detector—without having to listen to the 
receiver. 

Furthermore, only if all these tests 
come out as they should are squelch- 
system tests meaningful. This is because 
FM two-way radios depend on noise- 
operated squelch. Squelch problems in 
these sets often arise from defects in the 
RF or IF sections. Anything that reduces 
the amount of front-end circuit noise at 
the discriminator can cause “soft or errat¬ 
ic squelch.” You could drive yourself 
crazy trying to track it down in the 
squelch section. 

For this and other reasons, therefore, 
we suggest getting the discriminator, the 
low and high IF sections, and the RF and 
oscillator/mixer stages all in tip-top 
shape before you worry about squelch or 
audio. 

Also, you can then check out the 
squelch and audio without having to use 
an audio generator. Simply feed a fre¬ 
quency-modulated signal (again, most 
modern generators can be frequency- 
modulated as well as amplitude-modu¬ 
lated) through the front end of the set 
(which you have proved OK) and proceed 
with testing. 

This possibility becomes even more 
important when tone-coded squelch is 
involved. In these systems, receiver 
squelch opens up and “hears” only mes¬ 


sages with an accompanying subaudio 
tone from the transmitter. 

First, of course, you must understand 
how these squelch systems work. Second, 
you must be able to check the way 
squelch turns the audio on and off. Final¬ 
ly, you test how the squelch is opened up 
by the subaudio tone. This last require¬ 
ment involves using a rather special audio 
generator, which is beyond the scope of 
this Special Section. 

Final checks 

One other important circuit within a 
receiver is the power supply: Certain DC 
voltages are regulated. 

Before you undertake any other proce¬ 
dures, measure and verify that these reg¬ 
ulated DC voltages are where they are 
supposed to be. 

Not many mobile sets use electro¬ 
mechanical relays nowadays. Yet you 
may come across older gear that does use 
such relays. 

Ordinarily, there are only two answers 
to relay problems: Either burnish the 
contacts or replace the relay. Only the 
most experienced relay expert is truly 
successful in trying to “bend the con¬ 
tacts” so they make and break in proper 
sequence. Considering the time you 
might spend on this procedure, and the 
likelihood of an early failure, your money 
is better spent on a new part. 

Finally, do the customary final touch- 
ups. If a pilot light looks a little dark, it 
should be replaced because it will proba¬ 
bly burn out soon. Dust out the chassis 
and clean up the front panel. Use a little 
alcohol on a Q-Tip to clean almost any 
corner. Remove knobs so you can clean 
behind them rather than leave a “ring 
around the collar,” 

Most important of all, service the set 
thoroughly. Whether you use the proce¬ 
dures described in this Section or ones of 
your own, check the set thoroughly. 
That’s the only way to do the job consci¬ 
entiously. 
















FM Detector And Filter Tests 


Proper operation of FM detectors is vital to reliable operation 

of 2-way radio communication. Here’s how they work and how to fix ’em. 


BEFORE EMBARKING ON TESTS, YOU 
should understand how an FM demodula¬ 
tor works. Three basic types are used— 
discriminator, ratio detector and quadra¬ 
ture detector. Each is different, yet the 
principle of operation is roughly the 
same. 

A frequency-modulated IF signal goes 
to the primary of a demodulator trans¬ 
former. The signal is coupled inductively 
to the secondary. However, capacitance 
coupling also feeds the signal into the 
same circuits that are driven by the trans¬ 
former secondary. This mixes inductively 
coupled and capacitively coupled signals, 
90 degrees out-of-phase with each other. 

A pair of diodes, connected in series- 
opposing at each end of the transformer 
secondary, act as detectors. However, the 
90-degree phase difference causes them 
to conduct equally under one condition 
only—when the signal entering the trans¬ 
former primary is precisely at the reso¬ 
nant frequency of the transformer prima¬ 
ry and secondary circuits. 

However, during frequency modula¬ 
tion, the signal deviates above and below 
the center frequency at an audio rate. 
Imbalance caused by the quadrature sig¬ 
nals is proportional to the amount of 
frequency deviation. 

Demodulators in double-conversion re¬ 
ceivers center on a 455-kHz frequency. 
In others, the demodulator centers at 
whatever IF has been chosen; 10.7 MHz 
is usual. 

Figure 1 shows an example of a basic 
FM discriminator that is used in many 
G-E two-way receivers. When the fre¬ 
quency swings above resonance, diode D1 
conducts the most current. The voltage 
across the 220-pF capacitor becomes pos¬ 
itive at the junction of Dl. The farther 
the frequency deviates from center, the 
greater the positive voltage. When the 
frequency swings below resonance, diode 
D2 conducts the most current, and diode 
Dl conducts less. Voltage becomes posi- 
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tive at the junction of the capacitor and 
diode D2. Polarity across the capacitor 
thus alternates back and forth in step with 
the frequency deviation. 

If you remember your frequency-mod¬ 
ulation theory, you know that deviations 
occur at an audio or voice-frequency rate. 
The resulting alternating voltage across 
the 220-pF capacitor corresponds exactly 
with those voice frequencies. The RF is 
eliminated by the 220-pF capacitor. The 
demodulator thus recovers audio or voice 
modulation from the IF signals. 

The discriminator shown in Fig. 2 
differs only in how the quadrature or 
phase-shifted signal is fed to the second¬ 
ary circuits. A “phantom center tap” is 
set up by a capacitive divider across the 
secondary. 

The overall effect is identical. A signal 
precisely at resonance (of the transform¬ 
er) results in the two diodes conducting 
equally and developing an equalized po¬ 
tential (0 volt) across the load capacitor. 
You can measure this zero voltage 
through a metering circuit — in Fig. 2, the 
15K resistor and 0.01 -/xF decoupling ca¬ 
pacitor. 
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Either of two things can move this DC 
“output” voltage away from zero. First, if 
the center frequency fed to the trans¬ 
former is slightly off—that is, not exactly 
at 455 kHz—the resting meter voltage 
reads slightly positive (above frequency) 
or slightly negative (below frequency). 
Second, with an exact incoming frequen¬ 
cy, any misalignment of the transformer 
resonance, particularly secondary misad- 
justment, drastically alters the meter 
reading. In other words, the discriminator 
meter reads zero only when the incoming 
frequency is exactly 455 kHz, and when 
both transformer coils are adjusted to 
resonate precisely at 455 kHz. 

From this, you can determine how to 
“calibrate” a discriminator; i.e., set it 
accurately at zero. Feed an accurate 455- 
kHz signal into the transformer from the 
limiter stages, and adjust the transformer 
coils for a zero reading at the discrimina¬ 
tor metering point. 

Just one precaution: The accuracy of 
this 455-kHz test signal is crucial. Use a 
crystal-controlled source, or a highly ac¬ 
curate synthesized generator, or keep a 
frequency counter on the generator you 
use. This is the only way you can truly 
calibrate the discriminator. 

Figure 3 shows another type of demod¬ 
ulator. Note how the quadrature signal 
passes between two capacitive dividers, 
one across the primary and another across 
the special three-winding secondary of 
the discriminator transformer. This par¬ 
ticular discriminator is used in Motorola 
two-way radios. Sometimes it is called a 
phase discriminator; some technicians 
call it a capacitance discriminator. The 
bottom part (inset) of Fig. 3 restructures 
the usual diagram to help you understand 
the operation of the demodulator a little 
better. 

Diode D2 grounds the bottom end of 
the transformer secondary on the half¬ 
cycles in which the top end of the winding 
is negative (and the bottom end is posi¬ 
tive). During that half-cycle, R1 is the 
load. Diode Dl couples the other end of 
the secondary to R2 on the other half¬ 
cycles. At resonance, Dl and D2 conduct 
almost identically. The DC voltages they 
develop show up across capacitor C4. ^ 

Since these voltages are equal, they can- gj 
cel each other. Therefore, the voltage at 3j 
the metering point is exactly 0 (to > 
ground). -< 

Let the frequency being fed to the £ 
transformer deviate even slightly from 2 
























the transformer’s resonant frequency and 
one diode conducts slightly more than the 
other. The voltage developed across C4 
becomes something other than zero. If 
the frequency goes up, D1 conducts the 
most and the voltage at the metering 
point swings positive. Below resonant or 
center frequency, D2 conducts more and 
the voltage at the meter point is nega¬ 
tive. 

Hence, as frequency modulation devi¬ 
ates the signal up and down from the 
center frequency, the voltage across C4 
follows the deviations closely and fre¬ 
quency demodulation occurs. 

One thing you will discover when you 
examine the functional block diagram of 
almost any two-way radio is that a stage 
or two of limiting precedes the FM 
discriminator. Limiters are saturated 
stages that level out any amplitude varia¬ 
tions that exist in a signal. It is important, 
for the recovered voice signals to be clear, 
that a discriminator type of demodulator 
be fed a pure FM signal. Many factors 
between the transmitter modulator and 
the receiver demodulator can vary the 
signal level, in effect adding some ampli¬ 
tude modulation. Most discriminators are 
sensitive to amplitude modulation, so lim¬ 
iters are necessary. 

Once a limiter is saturated, it develops 
a base current that is somewhat propor¬ 
tional to the signal fed into the stage. 
Consequently, connecting a meter across 
a base resistor will indicate whether the 
limiter works or not. Virtually all com¬ 
mercial FM two-way radios contain at 
least one metering point for evaluating 
the limiter, which is why it’s handy as an 
alignment indicator. 

Broadcast FM receivers and some old¬ 
er communications receivers contain a 
variant called a ratio detector. The most 
notable circuit variation is that the diodes 
are connected as series-aiding rather than 
as series-opposing. Capacitors still pro¬ 
duce a quadrature phase shift and the 
same results are obtained as with a 
discriminator; that is, frequency devia¬ 
tions cause a change in voltage across an 
Output or a load capacitor and voice 
signals are recovered from a frequency- 
modulated IF signal. 

A ratio detector effectively cancels the 
amplitude modulations that accompany 
the 1F signal to the detector. Therefore, 
less limiting is needed. Nevertheless, you 
almost never find a communications re¬ 
ceiver without limiters between the low- 
IF amplifier and the FM demodulator. 


the operation of this FM detector. 

Modern systems 

Figure 4 shows a qiodern-day FM 
demodulator. Instead of a discriminator 
transformer, a fixed-frequency ceramic 
filter couples the IF signal from the limit¬ 
ers to the diodes. Designed especially for 
this purpose, this unique filter offers an 
extra advantage: high selectivity. Aging 
seldom changes the filter’s resonant fre¬ 
quency more than a few Hertz, so you 
never have to adjust it; it either works or 
it doesn’t. 

The 90-degree phase difference occurs 
in the discriminator filter itself. Two 
output voltages develop across R1 and 
R2, and are fed to diodes D1 and D2. 
Because they are connected in series- 
aiding, diodes D1 and D2 deliver a com¬ 
bined DC output voltage that is precisely 
zero when the frequency that is fed to the 
filter exactly matches its center reso¬ 
nance. Deviations up or down from the 
center frequency produce a net positive or 
negative voltage across R3. Capacitor C3 


provides a time constant with this load 
fast enough to respond properly to voice 
frequencies, and yet slow enough to elim¬ 
inate most of the IF component. Network 
LI and C5, together with bypass capaci¬ 
tor C4, filter out any remaining 455-kHz 
signal. As a result, capacitor C6 couples 
voice signals onto the audio-amplifier 
stages. 

As always in communications discrimi¬ 
nators, there is a test point across the DC 
output. In this design, since you cannot 
adjust the quadrature circuit, this test 
point serves mainly to help you judge 
whether the filter discriminator is good or 
bad, or adjust the conversion oscillators. 

State-of-the-art two-way radios use an 
IC for the limiter/discriminator sections. 
Even with these circuits, a 90-degree^ 
phase shift is necessary. So, you will find 
an adjustable quadrature transformer 
connected to two pins of the IC. This 
tunable coil serves the same purpose 
(insofar as adjustment is concerned) as 
the secondary of a discriminator trans¬ 
former. 

Figure 5 shows a simplified representa¬ 
tion of an integrated-circuit FM demodu¬ 
lator system, with limiters and a quadra¬ 
ture detector contained in one IC. 

The quadrature coil is located external¬ 
ly. Tuning it is similar to tuning the 
secondary of a discriminator or ratio 
detector, but with one significant differ¬ 
ence. You do not align for a zero-centered 
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FIG. 5—IC’S IN MODERN DESIGN often combine 
external. 

meter reading. Instead, with a very pre¬ 
cise IF signal fed in from the IF amplifi¬ 
ers, you align for an exact 24-#tA meter 
reading. This happens to be “zero-cen¬ 
ter” on this quadrature-detector S-curve. 
Naturally, the circuit includes a detector 
metering point. 

Limiter stages are part of the same IC. 
As is common practice, there is a me¬ 
tering point for measuring the limiter 
current. You can use limiter metering to 
adjust for RF and IF alignment. 

The Fig. 5 set has an IF of 10.7 MHz. 
To calibrate the discriminator, use only a 
signal source that is synthesized with a 
digital readout, or is tightly crystal- 
controlled. 

Testing FM detectors 

The first test for a discriminator is 
whether or not it will zero-center proper¬ 
ly. This is called “calibrating” the dis¬ 
criminator. (Earlier we stressed the ne¬ 
cessity for signal-source accuracy.) 

Another important point: DO NOT try 
calibrating the discriminator from the 
front end or, in double-conversion sets, 
with a high-IF signal. Why? If either 
oscillator happens to be off-frequency, 
you would zero-center the discriminator 
incorrectly, or you would unknowingly 
use an incorrect signal. Perform this part 
of troubleshooting using only an unmodu¬ 
lated IF signal. 

Feed a precisely accurate 455-kHz 
low-IF signal into the base of the second 
receiver mixer. If the receiver is single¬ 
conversion, use whatever frequency the 
IF and discriminator take, but feed in the 
signal at the mixer base. The mixer stage 
thus isolates any capacitive effect the 
generator cable has on tuning of subse¬ 
quent stages. 

The signal should be very strong for 
this test and adjustment procedure. Set 
the generator-output level high—for at 
least 500 mV of IF signal. 

Connect your DC meter at the discrim¬ 
inator test point. If the meter reads either 
side of zero, adjust the discriminator coil 
(the secondary—usually the bottom slug) 
to center the discriminator as closely to 
zero as possible. Make sure again that the 
test signal is precisely at the right IF; 
otherwise, any later adjustments will be 
incorrect. Also remember that, in some 
sets, zero center is at some specified 
meter reading, 



i limiter and FM detector; the alignment coil is still 


If you can’t zero the discriminator, this 
means trouble, and diodes are the most 
frequent offenders. Diodes should be fair¬ 
ly well matched; that is, forward resis¬ 
tance should be about the same in both. 
There should be almost no leakage. A 
.faulty coil or capacitor can also prevent 
zeroing. Get this corrected before pro¬ 
ceeding any further. 

Next, test the discriminator for bal¬ 
ance. This is where a decade-type genera¬ 
tor frequency control comes in handy. 

With the discriminator accurately ze¬ 
roed, reset the generator frequency for 1 
kHz above the center frequency. Note 
the new discriminator meter reading. 
Then, reset the generator frequency to 1 
kHz below the center frequency. The 
meter reading should move in the oppo¬ 
site direction from zero and exactly the 
same amount. In other words, equal fre¬ 
quency swings above and below center 
frequency should result in equal but 
opposite voltage swings. 

Diodes again are your prime suspect 
when a discriminator fails to show bal¬ 
ance. Sometimes, however, a badly mis- 
tuned primary coil creates this effect, 
even when the secondary seems to zero 
normally. However, go easy; all primary 
tuning requires that you readjust the 
secondary for zero. Capacitor values that 
have shifted (as a result of age or heat) 
can also cause unbalance. In addition, 
check the decoupling for the primary 
winding and the discriminator second¬ 
ary. 

Poor discriminator balance can be 
caused by a faulty ceramic or crystal IF 
filter. Although this is not the usual 
symptom of a bad selectivity filter, don’t 
overlook it. (In a moment we’ll tell you 
how to test filters.) 

Connect your DC meter at the me¬ 
tering point in the limiter stage nearest 
the discriminator. Adjust all low-IF 
transformer and limiter coils for a maxi¬ 
mum reading at the limiter. 
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For this check, don’t feed in too much 
IF signal. Set the signal generator atten¬ 
uator at zero and turn it up until you see 
the limiter reading rise slightly. If, when 
you align the IF and limiter coils, the 
reading goes higher, keep reducing the 
generator-output signal. If you oversatu¬ 
rate the limiters, these adjustments will 
be too broad and you won’t obtain accu¬ 
rate alignment. 

Broad adjustments in any case signify 
trouble. Look for a leaky transistor, a 
faulty transformer or an open decoupling 
capacitor. Eliminate the trouble before 
proceeding to any other part of the 
receiver. 

Finding fitter defects 

Check out low-IF filters when you 
have your instruments connected for IF 
alignment. Keep the generator set exactly 
at the discriminator’s center frequency. 
Feed in just enough signal to quiet some 
of the circuit noise beard in the speaker. 
Meter the limiter at the same time. You 
will note that slight quieting occurs after 
the limiter reading starts rising. 

Now, set the generator-output high so 
the receiver is almost but not completely 
quieted. This signal level brings the limit¬ 
er reading up to about halfway between 
threshold limiting and “flattening out” or 
oversaturation. It is important to hear a 
tiny bit of circuit noise, and note the 
limiter meter reading. 

Now, raise the generator frequency 
exactly 1 kHz above the center frequen¬ 
cy. Pay close attention to the increased 
noise level of the receiver and the exact 
degree of reduction in limiter reading. 

Next, shift the generator frequency to 
1 kHz below center. The meter reading 
should fall off almost exactly the same 
amount as for 1 kHz above the center 
frequency. Speaker noise increases. 

You can make and interpret this test in 
a matter of seconds. If you have any 
doubts, swing the generator frequency 2 
kHz above and below center. Again, the 
noise levels on either side of center should 
be the same, with matching reductions in 
the limiter reading. 

If there had been any earlier unbalance 
in the discriminator or quadrature detec¬ 
tor, this test indicates whether you can 
blame it on defective filters. 

Sometimes, when a discriminator ze¬ 
roes OK but cannot be balanced exactly, 
some careless folks settle for a compro- 
mise balance, with the discriminator rest¬ 
ing a little off-center. This results in 
audio distortion, especially during full 
signal modulation from another station or 
transmitter. Always test both the dis¬ 
criminator and filter balance to be sure. 

Where filters are ganged, you may ^ 
wonder which one is bad. Try injecting gj 
the test signal between the two filters, g 
Isolate the signal generator with a 50-pF > 

capacitor in series with the cable. Injec- 
tion tracing lets you isolate which filter jg 
has changed characteristic. R-E g 
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You Can 

An installment of a continuing series 
readiness to qualify as a 


TRY YOUR HAND AT THESE SAMPLE TEST 

questions on electronic components and 
circuits. The answers to this month’s and 
a new set of questions will appear in a 
future issue of Radio-Electronics. When 
you feel ready to take the CET Exam 
write to ISCET: 310‘A Main St., Ames, 
IA 50010. Ask for the name and number 
of the nearest Certification Administra¬ 
tor, and take the CET exam. 

Chapter 5 questions, electronic 
components & circuits 


1. Which of the following statements 
regarding the circuit shown in Fig. 1 



FIG. 1 



( ) c. R varies the collector voltage. 

( ) d. R varies the DC voltage on C. 

3. In the Fig. 3 circuit: 

( ) a. D will conduct when the voltage at 
El is lower than its breakdown 
potential. 

( ) b. D is a protective device which will 
cause R to open if E2 voltage rises 
above D breakdown voltage. 

( ) c. D will conduct when El voltage is 


( ) a. will pass all frequencies except 
one band near the resonant fre¬ 
quency of the L—C circuit. 

( ) b. will reject all frequencies except 
one band near the resonant fre¬ 
quency of the L—C circuit. 

( ) c. the value of R will determine the 
resonant frequency of the L—C 
tank circuit. 

( ) d. resistor R provides regeneration 
g for the circuit. 
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higher than its breakdown poten¬ 
tial. 

( ) d. the circuit is that of a simple half¬ 
wave power supply. 


4. Regarding the circuit shown in Fig. 


( ) c. the position of the pointer at R 


-OB+ OE 



FIG. 4 


would determine the DC voltage 
atE. 

( ) d. D1 and D2 are noise limiters. 


5. Regarding the circuit shown in Fig. 



FIG. 5 


( ) a. it will work best if a high imped¬ 
ance headset is connected at E. 

( ) b. it cannot work without a power 
supply connected at E. 

( ) c. it cannot operate over the entire 
AM broadcast band unless both 
the L and Cl are variable. 

( ) d. the value of C2 will determine the 
station.to be received. 


lu 2. In the circuit shown in Fig. 2: 

JV ( ) a. R and C act as a tone control. 

Q ( ) b. R varies the frequency of oscilla- 


( ) a. the circuit cannot work as D1 and 
D2 cancel any signal at E. 

( ) b. the circuit could work as a regu¬ 
lated power supply. 


6. The circuit shown in Fig. 6: 

( ) a. could be used to turn on an 
alarm. 

( ) b. is a sound-operated relay circuit. 
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( ) c. can be used to measure fluid 
flow. 

( ) d. is an overload protector. 

7. What type of circuit is shown in Fig. 
7? 



FIG. 7 

•( ) a. a complementary symmetry am¬ 
plifier circuit. 

( ) b. a push-push amplifier. 

( ) c. a push-pull amplifier. 

( ) d. an emitter-follower amplifier cir- 


8. The circuit in Fig. 8 is a: 



FIG. 8 


( ) a. multivibrator. 

( ) b. blocking oscillator. 

( ) c. Armstrong oscillator. 
( ) d. Hartley oscillator. 

9. Figure 9 is a: 



( ) a. ratio detector. 

( ) b. quadrature detector. 

( ) c. discriminator. 

( ) d. full-wave bridge. 

10. In Fig. 10, pins 3, 4, 5, 7, 10, 11, & 
12 of the IC might be used for: 



FIG. 10 


( ) a. heat sinks. 

( ) b. optional input level connections. 

( ) c. optional output level connections. 


( ) d. they have no purpose. 

Be sure to keep this month’s issue of 
Radio-Electronics so you can check your 
answers in the next CET test. R-E 


Answers To 
Prior Quiz 

Correct answers to Chapter 4 
questions on transistors and 
semiconductors 

Here are the answers to the 
questions on transistors and semi¬ 
conductors that appeared in the 
November 1978 issue. 

1. Correct answer is “b.” 
Collector and emitter DC volt¬ 
ages on transistors vary widely. 
Determining that either of 
these elements has a DC volt¬ 
age is useful in troubleshoot¬ 
ing but the most useful check 
is to see if the bias voltage 
(emitter-to-base) is in the 
range that will permit the 
semiconductor to operate. 

2. Correct answer is “d.” The 
collector of an NPN transistor 
is positive in relation to the 
base and emitter. The emitter 
would be approximately 0.6 
volt more negative than the 
base. 

3. Correct answer is “a.” 

4. Correct answer is “a.” 

5. Correct answer is “d.” 

6. Correct answer is “c”: A tun¬ 

nel diode is unique in that it 
will oscillate at UHF frequen¬ 
cies. 

7. Correct answer is “c.” 

8. Correct answer is “a.” 

9. Correct answer is “b” (an N- 

channel JFET). 

10. Correct answer is “c.” 































Advanced Electronic Career 


ANNOUNCING 
... A New 
CREI Program: 

Minicomputer & 
Microprocessor 
Technology 

Including A 

Microprocessor 

Laboratory 


§ Now you can learn at home 

| the new technology that is 

70 revolutionizing electronics 


The microprocessor has ushered in the 
age of microtechnology and electronics 
will never again be the same. The micro¬ 
processor has made possible the placing 
of an entire computer on a silicon chip 
one quarter inch square. The microproc¬ 
essor “miracle chip” is in the process of 
changing the world. Soon all technical 
personnel in electronics will have to un¬ 
derstand and work with the microproc¬ 
essor. It is invading virtually every area 
of electronics. And it is profoundly affect¬ 
ing your electronics career. 

Brand New 
Program 

CREI has a brand new program to help 
you learn how to work effectively with 
this revolutionary electronics develop¬ 
ment. CREI’s new program in Minicom¬ 
puter and Microprocessor Technology is 
designed to prepare you for this field by 
giving you the education and practical 
experience you need. 

The program provides solid prepara¬ 
tion in electronics engineering technol¬ 
ogy with a specialization in minicomput¬ 
ers and microprocessors. In addition, 
it includes a microprocessor laboratory 
which features a fully programmable 
microcomputer which utilizes the Mo¬ 
torola 6802 microprocessor chip. This 
is an extremely important element of 
your program. 

Programming 

Essential 

As you may well know, you must learn 
how to program the microprocessor in 
order to design, service or troubleshoot 
microprocessor electronic systems. 
There is only one effective way to learn 
this all-important skill of programming, 
and that is by actually doing it. CREI’s 
new program gives you this opportunity 
as you work with the exciting micro¬ 
processor laboratory. 

Programming 
Is Easy 

With CREI’s new program, learning the 
skill of programming is simple. Within a 
few hours you’ll be programming the 
microprocessor and in a short time you’ll 
learn how to program it in three lan¬ 
guages: BASIC, assembly and machine 
languages. In addition, you will learn 
how to interface the microprocessor 
with other systems and to test and debug 
specialized programs. 





Preparation at Home 


Wide Choice 
of Programs 

Please note, however, that CREI’s new 
program is only one of 16 state-of-the- 
art programs in advanced electronic 
technology offered by CREI. So even if 
you choose not to specialize in micro¬ 
processor technology, CREI has an ad¬ 
vanced electronics program to meet your 
needs. 

With CREI, you may choose from any 
of the following areas of specialization in 
advanced electronics: 

Microprocessor Technology 
Computer Engineering 
Communications Engineering 
Digital Communications 
Electronic Systems 
Automatic Controls 
Industrial Electronics 
Television Engineering 
Microwave Engineering 
Cable Television 
Radar and Sonar 
Nuclear Instrumentation 
Satellite Communications 
Aeronautical and Navigational 
Solid State Theory 
Nuclear Engineering 

Unique Lab 
Program 

An exclusive option available with CREI 
programs in electronic engineering tech¬ 
nology is CREl’s unique Electronic De¬ 
sign Laboratory program, it gives you 
actual experience in designing practical 
electronic circuits. It also helps you 
to understand the theories of advanced 
electronics and gives you extensive ex¬ 
perience in such areas as tests and mea¬ 
surements, breadboarding, prototype 
construction, circuit operation and be¬ 
havior, characteristics of electronics 
components and how to apply integrated 
circuits. Only CREI offers this unique 
Lab Program. 

Practical 

Engineering 

CREI programs give you a practical en¬ 
gineering knowledge of electronics. That 
is, each part of your training is planned 
for your “use on the job.” By using your 
training, you reinforce the learning proc¬ 
ess. And by demonstrating your in¬ 
creased knowledge to your employer, 
you may qualify for faster career ad¬ 
vancement. 


Free Book 

There isn’t room here to give you all of 
the facts about career opportunities in 
advanced electronics and how CREI 
prepares you for them. So we invite you 
to send for our free catalog. This fully 
illustrated, 56 page book describes in 
detail the programs, equipment and serv¬ 
ices of CREI. 


Qualifications 

You may be eligible to take a CREI 
college-level program in electronics if 
you are a high school graduate (or the 
true equivalent) and have previous train¬ 
ing or experience in electronics. Program 
arrangements are available depending 
upon whether you have extensive or 
minimum experience in electronics. 


Send for this FREE Book 
describing your opportunities 
and CREI college-level 
programs in electronics 

Home Study Programs In 

Electronic 

^P ^gkRIN GTECHNOLOGV \ 

CREI Introduces 
Program 680: 

I .. minicomputer & 

MICROPROCESSOR 
TECHNOLOGY 



Mail card or write describing qualifications to 

CAPITOL 
RADIO 

ENGINEERING 
INSTITUTE 

McGraw-Hill Continuing Education Center 
3939 Wisconsin Avenue Northwest 
Washington, D.C. 20016 

Accredited Member National Home Study Council 



Gl Bill 

CREI programs 
are approved 
for training of 
veterans and 
servicemen under 
the G.l. Bill. 
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Learn solid-state circuitry as you complete your monophonic 
music maker. earl “doc” savage, K4Sds, hobby editor 


DID YOU GET YOUR MtJLTIPLE-TONE GEN- 

erator and note selector assembled and 
operating (see “Hobby Corner,” Radio- 
Electronics, January 1979)? This month 
it’s time to add. an automatic control 
system. We’ll build a push-one-button-to- 
play circuit and then add triggers. 

The push-to-play circuit calls for a 
pulse generator and a counter. Figure 1 
shows a basic 555 astable multivibrator 
used as a variable-rate pulser. The rate 
and, therefore, the length of each note in 
the tune is determined by R1, R2 and Cl. 
You can increase or decrease any of those 
components to change the available range 
of lengths. 

Pressing switch SI removes pin 4 from 
ground; this enables the 555 pulser that 
puts out (pin 3) a string of pulses for as 


R1 

5 MEG 




FIG. 2—MONOSTABLE controller circuit. 


long as the switch is open. The 7493 bina¬ 
ry counter counts the pulses and encodes 
them to binary 0-15 for the 74154 note 
selector. This arrangement, of course, 
replaces the four manual switches that 
were added temporarily to the 74154 
input, as described last month. 


The 7404 inverter between pin 4 of the 
555 and pin 2 of the 7493 does two jobs. 
It returns the counter to zero when the 
555 is disabled, thus insuring (1) that the 
tune starts at the beginning regardless of 
where it stopped, and (2) that zero output 
pin I (74154) is activated. Since no tone 
was connected to the pin 1 output, the 
device is silent when SI is not pressed. 

You can use switch SI to turn on a 
doorbell, as an alarm clock output or any 
other device of your choice. As long as 
the switch is activated, the tune plays. 
The circuit now plays as much of your 
tune as there is time for. That’s OK, but 
it seems unfinished! 

So let’s add another 555 to make the 
circuit play the tune in whole multiples 
only—no more part tunes. The 555 



monostable shown in Fig. 2 will do just 
that. 

Remove the pin 4 line from the pulser 
and connect it to the controller output, 
pin 3. Now just a quick tap on S2 starts 
the tune, and it plays until the controller 
times out. Adjust R3 until the time-out 
occurs right at the end of the tune. 
(Depending upon how long each note 
sounds, you may have to change the value 
of R3 and/or C2 to get into the correct 
timing range.) 

Now you have a doorbell, clock alarm 
or whatever other device you like that 
plays your tune through to the last note 
regardless of how long S2 is closed. Of 
course, it may play it five or 10 times if 
your visitor has a heavy finger, but this 
feature is good to have on a clock alarm if 
you are a heavy sleeper! 


Why not use a 556 dual timer in place 
of the two 555’s? Sure, you can do that, 
but right now we’re going to talk about 
adding even more controller timers. 

Control timers 

Suppose, for example, that you would 
like to use your tune player in place of a 
doorbell, and you have two doors. If you 
use two switches on one controller timer, 
it won’t be possible to know whether your 
visitor is at the back or the front of the 
house. To solve this problem, set up 
another controller 555, as shown in Fig. 
2. Adjust the timing so that one control¬ 
ler plays one-half the tune and the other 
controller plays the whole tune, or the 
whole tune once and twice. If your home 
has three doors, just use three control¬ 
lers. 

When you use more than one 555 
controller, you cannot simply tie all the 
outputs together. The most direct method 
is to use one or more or gates (see Fig. 
3). If one or more inputs goes high, then 
the output also goes high and activates 
the pulser. 

There is one more potential problem: 
Perhaps a heavy-handed visitor or some 
other occurrence triggers and re-triggers 
a controller when you don’t want it to 
repeat. For example, suppose you want 
the alarm clock to repeat until you turn it 
off but you don’t want to activate the on- 
V47432 

#1 - PIN3 -_PULSER 

#2, PIN 3-L-/ PIN 4 



FIG. 3—CONTROLLER COUPLERS. 

the-hour chime. The circuit shown in Fig. 
4 causes the controller to trigger once and 
only once for each closing of switch S3 no 
matter how long it is closed. 

The single trigger circuit is a little 
tricky. In fact, you can provide different 
effects by changing the values of R4 and 
C4 and even by taking out the diode 
across the capacitor. These possibilities 
are available: (1) a single trigger when S3 
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is closed and another when it is opened; 
(2) a single trigger on closing and another 
available as soon as the first time-out is 
completed; and (3) a single trigger on 
closing following by a “dead-time” of 
from several seconds to several minutes 
during which the switch will not re-trig¬ 
ger. The values given in Fig. 4 put my 
prototype in case (2) above, but much 
depends upon the quality of C4 and how 
much leakage it has. 



FIG. 4—SINGLE-TRIGGER (time-out) circuit. 



COMMON ANODE 



FIG. 5—TWO READOUTS AND DRIVERS. 


There are many variations that you can 
make in these circuits. Build a tune- 
maker to suit your needs and, then, pack¬ 
age it accordingly. Here are just four 
more ideas: 

1. Use gates to detect the 15,30, 45 
and 00 minutes on your digital 
clock and trigger tune-maker 
chimes. 

2. Put in a second 74154 and 7493 
to give you a 30-note capability. 

3. Drive the 74154 with an 8573 or 
an 8574 (256 X 4 PROM) for 256 
variations of your 16 notes. 

4. Take a fistful of 1N914’s and 
build a diode matrix to select any 
number of notes. 

Let us know what you have done with 
the tune-maker, and we’ll share as many 
ideas with other readers as possible. Have 
fun! R-E 


A 


HIGH BLOOD PRESSURE. 
Treat it...and live. 


Why buy a multi-capability 
counter for frequency- only 
measurements? 



The 1911A multi counter makes accurate 
field transmitter frequency checks easy 
with the optional battery-pack and whip 
antenna. 


For accurate readings in the presence 
of noise. Our new 1911/12A multi-count¬ 
ers have both trigger-level and attenua¬ 
tor controls. 

For high resolution measurement of 
low frequency control tones in the period 
or period-average mode. 

For economy. They’re priced about the 
same as many frequency-only models, with 
totalize, autozero, autoranging, manual 
and automatic range selection, and more. 
Standard. 

• 1911A for 250 MHz applications: $495* 

• 1912A for measurements to 520 MHz: 
$620* 

Call (800)426-0361, toll free, or write: 
John Fluke Mfg. Co., P.O. Box 43210, 
Mountlake Terrace, WA 98043. 



1912A520 MHz model 


Fluke Multicounters for Communications Service 
IFLUKEI 

2110-8001 - 

CIRCLE 46 ON FREE INFORMATION CARD CIRCLE 72 FOR DEMONSTRATION 



You can 
assemble any of these 
Schober Organs 

—and save 50% off store prices. 


This coupon will bring you the 
fascinating Schober color cata¬ 
log which describes the organs 
and shows you how easy it is to 
assemble them from Schober's 
complete kits. Include $1 if you 
want a 12-inch demo record. 


The £Pc/w£<it Organ Corp., Dept. 183 
43 West 61st Street, New York, N.Y. 10023 

□ Please send me the Schober Organ Kit 
Catalog. 

□ Enclosed is my $1 for the 12-inch demo 
record. 
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OOQC A look at one memor y IC that is amon 9 the 8085 

OUOv family of devices. 

J. TITUS, C. TITUS, D. LARSEN AND P. RONY 


IN A PREVIOUS COLUMN (JANUARY 1979), 
we described the new Intel 8085 mi¬ 
croprocessor IC. This is an upgraded 
type of 8080 microprocessor, since it has 
features that are not found on the 8080 
device. One of the advantages in using the 
8085 is the availability of “family” de¬ 
vices that can be used with little or no 
additional external logic. This makes the 
8085 and its family ideal for small con¬ 
trollers, instruments and games, where ex- 


*This article is reprinted courtesy American Lab¬ 
oratories. Dr. Rony, Department of Chemical 
Engineering, and Mr. Larsen, Department of 
Chemistry, are with the Virginia Polytechnic Insti¬ 
tute & State University. Both Mr. J. Titus and Dr. 
C. Titus are with Tychon, Inc. 


pansion and the ability to run large pro¬ 
grams such as BASIC may not be required. 

This month we will describe one of the 
8085-family devices, the 8155 read/write 
memory. 

8155 RAM 

The 8155 read/write memory IC con¬ 
tains 256 bytes of memory, which is 
probably more than enough for a small 
system. In most cases, the read/write 
memory will be used for temporary stor¬ 
age of data or results, as well as register 
and address information. The 8155 is also 
bus-compatible with the 8085 system 
through the use of the bidirectional ad- 
dress-data bus and standard control sig¬ 


nals. In this case, only the io/m, rd and 
wr signals are necessary for memory 
control. The ale, clock and reset sig¬ 
nals from the 8085 are also provided for 
internal control of the IC. 

The 8155 has some I/O lines—in fact, 
there are two 8-bit I/O ports and one 
6-bit I/O port. The two 8-bit I/O ports 
can be operated in either the input or 
output mode; individual bits cannot be 
selected. These two ports are called ports 
A and B. The 6-bit I/O port (port C) can 
be operated in several ways, but these are 
beyond the scope of this article. Let us 
just say that these operations allow the 
I/O ports to perform in a manner similar 
to that provided by the mode 1 and mode 
2 operation of the 825£ programmable 
peripheral interface. 

The 8155 read/write memory also con¬ 
tains a 14-bit programmable counter, re- 


Stop costly 

call¬ 


backs.. 
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your requirements. It could be connected 
to the Serial Input Data (SID) pin 5 to be 
sensed by the rim instruction, or connect¬ 
ed to one of the 8085’s interrupt pins 
(RST 7.5, for example) so that the end of 
the timer’s period could be detected via 
an interrupt. Tfte timer’s output is fairly 
flexible, being programmed to operate in 
one of four ways: 


Output a single short 
pulse at the end of the 
count sequence. 

Output a single pulse at 
the end of the count, but 
reload and restart the 


Control bits M2 and Ml are the most 
significant ones in the 16-bit value pro¬ 
grammed into the counter. Since the 
counter is only 14-bits-long, the control 
bits are not included in the count itself, 
but are used by the control logic to deter¬ 
mine the counter-output state when the 
count has been finally decremented to 
zero. Whenever a new 14-bit count value 
is reprogrammed into the counter, these 
two control bits must also be included in 
the new 16-bit word. 

The 8155 read/write memory also has 
an internal control register that is loaded 
with an 8-bit byte that is used to deter¬ 
mine operation of the I/O ports and the 
14-bit counter. R-E 


make more mone y with RCASKs... 


. . . and your customers 
will really appreciate 
your reliable service . 

You eliminate costly call backs 
because: with RCA SKs you know 
you’re using the best. RCA guar¬ 
antees it. We’ll replace any 
defective SK within one year of 
purchase by the dealer. We can 
afford to make this offer because 
our malfunction rate is one of the 
lowest in the industry — less than 
one percent. 

With RCA SKs you know your 
customer is getting the right 
semiconductor. Our SK line 
includes over 900 replacement 
transistors, rectifiers, thyristors, 
integrated circuits and high volt¬ 
age triplers that meet or exceed 
the OEM standards for the 
150,000 domestic orforeign semi¬ 
conductors our SKs can replace. 


You save time because you’ll 
identify the exact SK you need 
quickly in RCA’s easy-to-use 
Replacement Guide with com¬ 
plete installation data. And on 
every SK package you’ll find all 
the necessary technical specifi¬ 
cations, physical characteristics 
and terminal diagrams. 

All hardware, when needed, is 
also included right in the SK 
package which saves you extra 
trips back to the truck or back to 
the shop. 

You make more money because: 

you can work faster, more effi¬ 
ciently with RCA SKs. And you 
virtually end costly call-backs 
which means a lot more satisfied 
customers as well. 

For details on how to order, see 
your RCA SK Distributor. Or con¬ 
tact RCA Distributor and Special 


Products Division, Deptford, N.J. 
08096, Attention: Sales Promo¬ 
tion Services. 



SK Solid State 
Replacement 


























communications products 


AUDIO TEST STATION 

continued from page 48 


More information on new products is available from 
manufacturers of items identified by a Free Information 
number. Free Information Card is inside the back cover. 


ANTENNA MOUNTS, model TRM-3, model WM- 
12, model WM-18. The heavy-duty model TRM-3 
is a 3-foot-high tripod that accomodates TV, FM, 
CB and antenna masts to 1% inches in diameter. 
It can be roof-mounted or used in the field with¬ 
out bolting the legs. Comes fully assembled, with 
cap screws and hex nuts for securing the mast. 



18-inch wall mounts, respectively; both include 
brackets, U-bolts and hardware for up to 1 3 /4-inch 
diameter masts. List prices: model TRM-3, 
$16.90; model WM-12, $9.50; and model WM-18, 
$13.45.—RMS Electronics, Inc., 50 Antin Place, 
Bronx, NY 10462. 

TWO-METER TRANSCEIVER KIT, model HW- 
2036A, has a 143.5-MHz—148.5-MHz operating 
range and features a phase-locked synthesizer/ 
VCO loop and choice of simplex, or ±600-kHz 
split operation. Features tone encoding, built-in 
5- and 11-VDC regulators, hash filter/regulator 
and gimbal mount. The model HW-2036A-1 (with 
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O 

Z Micoder II mike/auto patch) costs $289.95; the 
O model HW-2036A-2 (with standard PPT mike) 
p posts $269.95.—Heath Co., Dept. 350-640, Ben- 
O ton Harbor, Ml 49022. 

JV CB MULTIMONITOR, model CB MM6, is de- 
g signed for 23- or 40- channel mobile/base station 
equipment and offers six functions in a single 
DC unit: An antenna-matching network to adjust 


SWR; an SWR bridge and reflected power indica¬ 
tor; a built-in low-pass filter (to eliminate second 
and third harmonics); a complete antenna moni¬ 
toring system with warning light; a built-in dummy 
load with modulation indicator; and a choice of 



CIRCLE 128 ON FREE INFORMATION CARD 

using a regular mobile CB antenna or AM/FM 
antenna for CB communications. The unit comes 
with two antenna inputs. Other specifications 
include a 26.5-MHz to 27.5-M Hz frequency range, 
handles 5 watts of input power, 50-ohm input 
impedance, up to 4:1 VSRW mismatch correc¬ 
tion, and spurious signal suppression of —25 dB. 
The model CB-MM6 measures 2y<WX4LX IV* 
inches H, and lists for $49.95.—RMS Electronics, 
Inc., 50 Antin Place, Bronx, NY 10462. 

AM/FM POWER ANTENNA, model FA-80, fea¬ 
tures a 10-pole motor and is fully shielded against 
noise transmission and reception. The antenna is 
completely automatic—it is activated and deacti¬ 
vated by the vehicle’s ignition system; as an 
option it can be connected to car radio’s on-off 
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switch. The flush-mounted head protects against 
theft.—Harada Industry of America, Dept. P, 145 
E. Albertoni St., Carson, CA 90746. R-E 


Rotary switch S3 selects the integrat¬ 
ing capacitor, and the charging current is 
determined by the networks connected to 
IC201 pins 4 through 7. Small-value 
capacitors charge faster than larger ca¬ 
pacitors for the same charging current so 
a smaller capacitor selected by S3 will 
produce a higher frequency. Also for a 
given capacitor, increasing the charging 
current by varying R1 and R2 also 
increases the frequency. 

The comparator or squarewave output 
from pin 13 is applied to Q201, an exter¬ 
nal buffer. The buffer is necessary be¬ 
cause the internal squarewave buffer is an 
open collector, and the output impedance 
on the positive edge of the squarewave is 
equal to R201. Therefore, any significant 
change in the external load on pin 13 
alters the amplitude of the positive edge 
of the squarewave. 

The two resistor networks connected to 
pins 4 through 7 each control a separate 
current source for charging the integrat¬ 
ing capacitor. These sources can be used 
singly or in pairs. When used in pairs, the 
currents of each are added. The voltages 
applied to IC201 pins 8 and 9 determine 
which of these current sources is active. 

The outputs of both pins 13 and 14 are 
approximately symmetrical around 0. 
The output of Q201 ranges from approxi¬ 
mately 0 to +V ( + 6 volts). With S4 in 
the symm position, IC201 pin 8 is at level 
0 and pin 9 at + V. This enables both pins 
6 and 7 and, therefore, the charging 
current from the integrating capacitor for 
both the positive and negative ramps is 
the total current drawn from pins 6 and 7. 
When the wiper of R1 is at ground, only a 
very small current is drawn from pin 7, 
and the charging rate, or frequency, is 
determined by R204. Resistor R204 
therefore determines the low frequency 
point when Rl, the front panel frequen¬ 
cy-adjust slide pot is at the minimum 
setting. When the wiper of Rl is at — V 
( —6V), most of the charging current is 
provided by R205, since it is much small¬ 
er than R204. Resistor R205 then deter¬ 
mines the high frequency limit when Rl 
is at the maximum setting. With these 
values for R204 and 205, the frequency 
range of Rl is 100:1. The reason that 
R204 and R205 are not also 100:1 is 
because even with Rl at ground, R205 
contributes slightly to the charging cur¬ 
rent and therefore R204’s contribution 
must be reduced to. compensate. When 
Rl is at —V, the R204 contribution is 
negligible compared with that of R205. 

When S4 is in the ramp position and 
the output from IC201 pin 13 is high, pin 
8 is also high. In this case, pins 4 and 5 
are activated and they perform exactly as 
do pins 6 and 7. Remember that the 
squarewave output of pin 13 is at a 
constant voltage during rise of the ramp 
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voltage of pin 14. Therefore, during the 
positive-going ramp of pin 14, the current 
is controlled by pins 6 and 7. During the 
negative portion of the ramp, current is 
controlled by pins 4 and 5; or, as viewed 
from the front panel, R1 controls the 
time of the positive-going ramp and R2 
controls the time of the negative-going 
ramp. If R1 and R2 are in extreme oppo¬ 
site positions, the result is positive and 
negative ramps with a 100:1 time ratio. 
With S4 in the ground (symmetrical) 
position, R1 controls the time of a sym¬ 
metrical triangular waveform. The result 
of all this (looking at the front panel), is 
that R1 and R2 provide a 100:1 change of 
frequency, and each step of S3 provides a 
100:1 change. 

We know that the timebase section 
derives its name from the fact that its 
primary function is to sweep the audio 
generator and the time (actually the 
inverse of time—frequency) base of an 
X-Y display. To accomplish this, the 
timebase only has to provide a variable- 
symmetry triangle wave at low frequency. 
However, once the basic oscillator is 
established, it is relatively easy to let it 
provide other useful functions. 

For instance, an effective way to check 
the proper action of a mixer is to apply 
two triangle waves, one, high-amplitude 
at a low frequency; the second, a lower 
amplitude at a higher frequency. If the 
mixer is functioning properly, each input 
retains its individual characteristics at the 
output, but one input will be riding on the 
other. The timebase section was designed 
to provide the three basic waveforms over 
at least the full spectrum of needed audio 
frequencies. 

A piece of test equipment that many 
classify as “nice to have” but difficult to 
justify as a separate purchase is a pulse 
generator. Again, however, since there is 
already a basic oscillator in the timebase 
section, it is relatively simple to shape it 
into a pulse output. Therefore, the total 
frequency range of the timebase oscillator 
is made as wide as the capabilities of the 
basic oscillator can provide. 

You then have a three-function genera¬ 
tor with a useful frequency range of 0.002 
Hz to 100 kHz and a pulse repetition rate 
of 0.002 Hz to about 800 kHz. The pulse¬ 
shaping section will be covered next 
month. 

To provide the maximum possible ver¬ 
satility to the timebase oscillator, the 
range of integrating capacitors has been 
made as wide as practical. There is no DC 
bias across the integrating capacitor, and 
the manufacturer of IC201 has specified 
that the capacitors be nonpolar. This 
requirement is easily implemented for 
small-value capacitors; however, large- 
value nonpolar capacitors are rare and 
usually large sized. 

The problem with using a polarized- 
type capacitor in a bipolar circuit is that 
the polarized capacitor tends to leak when 
you try to charge it in the reverse direc¬ 


tion. If the leakage represents a signifi¬ 
cant portion of the charging current, the 
voltage rise across the capacitor (and 
hence across the output triangle wave) 
will be an exponential rather than a linear 
rise. This is because the leakage current 
increases with the charging voltage. If the 
leakage is significant, then at some volt¬ 
age level, the leakage current and charg¬ 
ing current will be equal, the voltage will 
cease to rise and oscillation will also 
cease. Additionally, some types of polar¬ 
ized capacitors can be damaged by re¬ 
verse voltage. 

Actually, this circuit works quite well 
with some aluminum electrolytic capaci¬ 
tors. With a supply voltage of ±7, the 


charging voltage is only about ±1.5. 
Aluminum electrolytic capacitors can tol¬ 
erate the 1.5-volt reverse voltage. Howev¬ 
er, low-leakage capacitors, and only those 
with the lowest voltage ratings, should be 
used in this circuit. 

Note that the integrating capacitors are 
all evenly spaced one decade apart except 
for the largest and smallest capacitors. 
The 470-jtF value capacitor is simply the 
largest value that will consistently work 
in this cirpuit. Also note that the smallest 
capacitor (C203) must be reduced from 
its nominal value by an amount that is 
equal to the stray capacitance of the 
board and switch circuit. 

continued on page 82 
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service clinic 


Troubleshooting starter circuits in pulse-width modulated 
power supplies. 


THE AUGUST 1978 SERVICE CLINIC, WE 
discussed pulse-width modulation 
(PWM) power supplies, and briefly men¬ 
tioned the starter circuit. Now let’s ex¬ 
plain this circuit in more detail. This 
circuit is absolutely indispensable be¬ 
cause it gives the horizontal oscillator 
circuit a swift kick to get it started. The 
PWM circuit must receive gate pulses 
from this circuit to operate. So, all PWM 
power supplies use some form of starter 
circuit. Keep in mind that all this activity 
takes place in a fraction of a second! 
When power is applied, the B+ voltage 
comes up very quickly in all solid-state 
circuits. Oscillator, driver and horizontal- 
output circuits start just as quickly. 

So, all it takes is a short pulse of DC 
voltage, somewhere near the right value 
to get the oscillator going. Once the oscil¬ 
lator is running, the horizontal-output 
stage starts, as well as the PWM supply, 
and everything takes off. Some of these 
stages use quite complex circuits, but 
basically they’re all similar. For example, 
the RCA CTC-85 color chassis circuitry 
looks complicated but isn’t (see Fig. 1). 

The B + line (unregulated) is provided 
by a nonisolated bridge rectifier, from the 
AC line through L201—an AC line 
choke. At turn-on, a current pulse comes 
from the + terminal of the bridge and 
flows through the primary of start-up 
transformer T201. The current flows 
through this transformer because a large 
electrolytic 800 -aiF capacitor, C304, is 
connected to it (C304 later becomes a 
filter capacitor). 

When a capacitor of this size is dis¬ 
charged, it resembles a short circuit to a 
current source. Translation: the current 
flows into the capacitor until it is fully 
charged. While this is flowing, we get a 
pulse of current through the primary of 
T201. The transformer’s secondary devel¬ 
ops the two DC voltages needed—+22 
and +27 VDC through the rectifier 
diodes and filter capacitors. These DC 
voltages now feed the horizontal oscilla¬ 
tor, driver and buffer stages. When these 
stages start operating, they generate drive 
pulses to feed the horizontal-output stage 
and the PWM circuitry (this is on the 
regulator-control module). The PWM 
circuit feeds a regulated B+ voltage to 
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the horizontal-output stage. 

Now that we’ve got our starting kick 
and things are going, we have to disable 
the starter circuit or it might interfere 
with the normal DC supplies, which are 
all developed by the flyback. The follow¬ 
ing method is used in all the starter 
circuits I’ve seen so far. 

In Fig. 1, note D301 and D304, which 
are connected to the starting DC lines 
feeding the oscillator, driver, etc. During 
start-up, these two-diodes are reverse- 
biased and do nothing. There is a + DC 
voltage on their cathodes but no voltage 
at all on the anodes. This is because the 
normal supply voltage is not working yet. 
(Remember this is taking place in a very 
short time!) 

Shortly thereafter, the oscillator circuit 
and other stages are fed their normal 
supply voltages, so that they continue 
operating. Now, the starter circuit has no 
AC supply to keep it running. The start 
voltage drops. The starter diodes are now 
reverse-biased and cut off (there is a + 
voltage on the cathodes, and no voltage at 
all on the anodes). This isolates the start¬ 
er transformer from the DC lines, which 


stays inactive until the set is turned off 
, again. This diode reaction is used for all 
the starter control circuits I’ve seen so 
far. 

An interesting test, mentioned in the 
RCA Technical Manual, can be per¬ 
formed. If the starter circuit is not work¬ 
ing, nothing happens. After checking the 
starter diodes, the filter capacitors, trans¬ 
formers, etc., for shorts and opens, you 
can start the horizontal oscillator by mo¬ 
mentarily connecting a + 22 VDC supply 
to the + 27-volt input. All it takes is a 
very short current pulse somewhere near 
the normal voltage. (Although I haven’t 
tried this, it looks as if you could do this 
with a bias box. The RCA manual sug¬ 
gests using a 22.5-volt battery, but these 
batteries are not very common.) 

Check the starter circuit for a short 
DC pulse just as the set is turned on. It is 
best to use an analog meter because even 
a small kick of the needle is detectable. 
Set the meter to approximately the 15- 
volt scale so that the motion of the needle 
is easier to observe. 

Most problems in these circuits can 
easily be located with the standard 
tests—checking diodes, filter capacitors, 
transformers, etc., for shorts or opens. In 
the RCA CTC-85 chassis, the entire B + 
supply is isolated from the AC line by 



































the horizontal-output transformer; the 
unregulated B+ supply is not. This leads 
to the use of two “grounds,” one isolated, 
the other “hot.” However, this ground 
lead isn’t really very hot, since it’s only a 
very little way (one diode drop and a 1.8- 
ohm resistor) away from the isolated 
ground, or B — line. So little, in fact, that 
the hot ground can be used as the test 
equipment ground lead for voltage and 
waveform checks. 

The starter circuit is not difficult to 
troubleshoot if you know what it does and 
how it does it. It’s just that trying to 
explain the procedure isn’t easy! The 
PWM won’t work till the oscillator starts, 
the output stage won’t work till the oscil¬ 
lator starts, but the output stage must be 
running to feed the oscillator! Something 
like the mythological worm with its tail in 
its mouth! 

Thanks to RCA for the CTC-85 Color 
Chassis Technical Manual, which pro¬ 
vided Fig. 1 and much data. R-E 

service 

questions 

HEATER STRING SHORT 

There’s a short in a Sears 19-inch color 
set that I can’t find. The 5-amp fuse in the 
heater string blows quickly. The 40KD6 
tube was bad, as well as the 12BY7 tube. 
Any ideas?— M. R., E. Chicago, IN. 

A common cause of this kind of trouble 
is a heater-to-cathode short in one of the 
tubes, perhaps one in the middle of the 
series circuit. (Note: The cathode of the 
tube must be directly grounded to cause 
this particular short.) When it happens, 
the heater circuit is grounded in the 
middle; this raises the heater voltage on 
all tubes between the short and the 
source, and it will usually blow some of 
the tubes. 

(Feedback: “Bulls-eye! I found a 
6GH8 tube with the heater-to-cathode 
short, and another 12BY7 tube was 
open.”) 

VERTICAL BLACK LINES 

I’ve had problems in several TS-934 
Quasar chassis with one or two small 
vertical dark lines at the left side of the 
screen. So far all I’ve done is try new 
damper and horizontal-output tubes until 
I find some that help. Do you have any 
data on this?—L. J., Eveleth, MN. 

Quasar’s booklet, 6 Years of Servicing , 
says that this problem can be caused by 
damaged insulation on the red wire be¬ 
tween pin 5 of the high-voltage trans¬ 
former and pin 9 of the damper tube. The 
cure is to place heavy plastic sleeving over 
this lead to prevent leakage to the edge of 
the chassis. (This lead is on the socket 
side of the chassis under the damper/ 
output tube, and goes to a terminal strip 
and hash choke L502.) R-E 



The way you 
check line-by-line with 
an A P Intra-Switch or 
Intra-Connector. 

You plug your Intra-Switch in-line 
with standard socket connectors, 
and instantly you've got a separate, 
independent on-off switch for each 
and every line in your flat ribbon 
cable. To switch, you nudge with a 
pencil point. It’s that quick. 

Imagine how much time and 
trouble Intra-Switch will save you in 
your diagnostic and quality testing, 
your programming and selective 
line inhibiting. 

Or, plug in your Intra-Connector 
(see box) the same way, and you 
have an extra set of male contacts 



at right angles. Instant line-by-line 
probeability—and an easy way to 
tap your system and daisy chain it 
into new areas. 

Both Intra-Connectors and Intra- 
Switches come in 20,26, 34,40 and 
50-contact models. 

Where? At your nearby A P deal¬ 
er. Where’s that? Phone (toll-free) 
800-321-9668. And ask for the com¬ 
plete A P catalog, The Faster and 
Easier Book. 


AP PRODUCTS 
INCORPORATED 
Box 110 B» 72 Corwin Drive 
Painesville, Ohio 44077 
Tel. 216/354-2101 
TWX: B10-425-2250 

Faster and Easier is what we're all about. 


ap 
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600 Cecil Street, Buchanan, Michigan 49107 


The best speaker kit is a system 
designed by Electro-Voice that allows 
you to choose your own level of per¬ 
formance; from a studio monitor to a 
modest bookshelf system, from a wide 
selection of woofers, tweeters, mid¬ 
range drivers and crossovers. 

Then Electro-Voice provides detailed 
plans on how to construct the enclo¬ 
sures designed specifically for the 
drivers you chose. 

Only Electro-Voice gives you all the 
options. But, then, Electro-Voice is 
known for their superb quality speak¬ 
ers-not for kits. 

To get your component speaker cata¬ 
log and construction plans package, 
just send $1.00 to Electro-Voice 
Component Speaker Systems, 

600 Cecil St„ Buchanan, Ml 49107. 

BecIroT&ice 

a pulton company 


Electro-Voice Component Speaker Systems, 
600 Cecil St., Buchanan, Ml 49107. 
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E-V component speaker packages. 
I have enclosed $1.00 for each 
package ordered. 


AUDIO TEST STATION 

continued from page 79 


Accuracy and stability are mainly de¬ 
pendent on the components’ cost and the 
amount of care taken during calibration. 
The oscillator is quite stable, and the 
timing components can be stable and 
either precision or trimmable. We decid¬ 
ed that the components should be stable 
but that absolute accuracy was not impor¬ 
tant. The frequency counter can read 
down to approximately 1 Hz. By noticing 
the last digit bobble, it is even possible to 
interpolate to a sensitivity of less than 1 
Hz. Frequencies of less than 1 Hz should 
perhaps be selected as subjective rather 
than absolute values. Therefore, the resis¬ 
tors, similar to most of the resistors 
throughout the rest of the system, are 5% 
carbon film; the capacitors are as temper¬ 
ature stable as readily available with the 
tolerance of the smaller values at ±5% 
and that of the electrolytic capacitors at 
± 20 %. 

Timebase output circuitry 

The output of Q201 serves four func¬ 
tions: One has already been discussed; the 
other functions will be covered as they 
apply to other circuits. Transistors Q202 
and Q203 form a triangle-to-sinewave 
converter. Each transistor logarithmically 
clips one peak of the triangle wave. Resis¬ 
tor R212 determines the degree of round¬ 
ing of the peak, and R213 makes sure that 
the peaks are clipped equally. Transistor 
Q204 buffers the common-collector out¬ 
put of Q203. 

Trimmer resistors R224, R223 and 
R227 as selected form the input resistor 
to inverter IC202. Each of the three basic 
waveforms are generated with different 
signal levels; therefore, these resistors 
provide that each waveform has the same 
amplitude at the output of IC202. Trim¬ 
mers R225, R221 and R240 provide 
offset nulling for each waveform, with 
R226, R222 and R239 controlling the 
sensitivity of those adjustments. 

Switch S5 selects one of the three 
signal lines to be applied to IC202. Note 
that the squarewave line when it is not 
selected is grounded through the other 
half of switch S5. This minimizes square- 
wave crosstalk into the sinewaves or trian¬ 
gle waves at time of selection. The rise- 
and falltimes of the squarewave are fast 
enough to cause a spike waveform to 
propagate across the contacts of S5 or 
across the circuit board. 

The output of IC202 goes to IC203, 
which is connected as a unity-gain invert¬ 
er. Switch S8 then inverts at the output 
whatever waveform was selected by S5. 
This is valuable for interfacing with cer¬ 
tain other types of equipment and can 
also help provide a stable scope-trigger 
for internal calibrations. 

Resistor R3 is the front-panel-ampli¬ 
tude slide pot, and IC204 is one-half of an 


LM377. This device is generally consid¬ 
ered only as a driver for low-power speak¬ 
er systems, to be used with a single power 
supply. However, it is far more versatile 
and actually easier to implement with a 
split power supply than with a single 
power supply. Also, from the speaker- 
driver applications it is not always obvi¬ 
ous that this is an operational amplifier 
suitable for op-amp applications. It is fast 
enough for the full audio spectrum. 

One of the most powerful audio appli¬ 
cations for an operational amplifier is as a 
mixer. The negative inputs of IC204 and 
IC201-IC203 are connected as a sum¬ 
ming junction. This creates a perfect 
mixer; that is, several independent signals 
can be added together each with indepen¬ 
dent gain or loss, without any signal 
alfecting any other signal. 

A first encounter with this circuit is 
often rather mysterious. When you trou¬ 
bleshoot a signal-processing system, you 
often take an oscilloscope, start at the 
input and then walk through node-by- 
node to the output, observing the wave¬ 
forms and watching for any change from 
node to node. Normally, the only change 
from input to output is a change in ampli¬ 
tude. If a node in the chain does not have 
a signal, you can generally assume that 
something has either interrupted or 
grounded the signal since you checked 
the previous node; also you would not 
continued on page 84 


Try this exciting 
new hobby! Bmid 

your own electronic concert 
organ. It's easy. No technical 
knowledge required. Just 
follow the clearly .pictured 
instructions of the famous 
Wersi do-it-yourself system. 
Choose from seven different 
models. Send $2.00 
(refundable) with coupon for 
colorful 104 page catalog. 

€>UIER5I 



j Wersi Electronics, Inc. 

j 1720 Hempstead Road 
J Lancaster, PA 17601 

A 

I Enclosed is $2.00 for my copy of your 104 page catalog. 

I 

| Name- 

| Address - 

| City-State_Zip_ 
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9) Non-Linear Systems 


LAST CHANCE 


At these Prices 

Due to the fluctuation 
of the dollar there will 
be substantial price 
increases coming. 

This sale ends Feb. 28, 1979. 

ORDER NOW 


NEW YEAR'S 
SPECIALS 


New 15MHz portable 3" dual-trace scope 


THE TEST EQUIPMENT SPECIALISTS 
TOLL FREE HOT LINE 

800-223-0474 ADVA 


York. N.Y. 10036 212-687-2224 


























AUDIO TEST STATION 

continued from page 82 


observe that signal in any subsequent 
node. However, in this circuit (if R3 is 
not at ground) there is a signal at the left 
side of R234, but the right side of R234 
shows just 0 volt. 

This phenomenon is called a virtual 
ground. The input impedance of IC204 
(as seen from the wiper of R3) is simply 
R234. For any signal from R3 that might 
attempt to pass back through R235, it’s as 
if the right side of R235 were grounded. 
Turning up the sensitivity control on the 
scope may reveal a very severely clipped 
remnant of the signal. However, the out¬ 
put of IC204 is the original signal with a 
gain of R237 divided by R234. 

In addition, there is a DC level that is 
the voltage at the left of R233 times 
R237 divided by R233. In this case, the 
voltage should be zero since R233 pro¬ 
vides the offset null of IC204. Front- 
panel DC offset is applied through 
R235. 

Resistor R236 is necessary for frequen¬ 
cy compensation. OP-amp IC204 is inter¬ 
nally compensated to be stable at gains 
greater than 10 (the gain being deter¬ 
mined by the ratio of feedback resistor 
R237 to input resistors R234, etc.). Re¬ 
sistor R236 can be calculated, but is most 
easily determined empirically. Substitute 


a variable resistor for R236, set S5 to the 
squarewave position, observe the output 
of IC204, and adjust R236 for both mini¬ 
mum risetime and minimum overshoot at 
1 kHz. 

Resistor R4 is the front-panel DC 
offset. With S9 in the sweep position, the 
R4 output mixes with the signal from R3 
to provide a ± 5-volt DC offset of that 
signal. 

Switch S9 provides the manual time- 
base mode. With S9 in the sweep posi¬ 
tion, the triangle-wave output of the 
oscillator is used to sweep the frequency 
of the audio sweep generator as well as 
the timebase of an X-Y display. Setting 
S9 switch to the manual position opens 
the direct connection between R4 and 
IC204. The triangle wave is removed 
from its sweep function, and R4 is substi¬ 
tuted for it—both for the sweep circuitry 
and for the timebase output. Switch S5 
must be in the triangle position. Resis¬ 
tors R209 and R206 adjust the output of 
IC204 so that the signal from R4 that 
arrives at the upper half of S9 will exactly 
replace the triangle wave at switch S9. 

The LM377 IC has both overcurrent 
and thermal shutdown. It can apply at 
least ± 5 volts to a less than 10-ohm load. 
If a higher signal or power level is 
required, an LM378 or an LM379 can be 
substituted, as these IC’s are equivalent. 

The LM377 is rated at a total supply 
voltage of 26. The LM378 and LM379 


are both rated at 35 volts. The only way to 
differentiate between those devices that 
can tolerate a higher voltage from those 
that can’t is to experiment. (The premi¬ 
um price of the LM378 pays for destroy¬ 
ing a lot of good LM377’s to locate some 
of the higher voltage units we need.) The 
LM379 is an LM378 with a metal heat 
sink on top. A tab at each end lets you 
solder it into a circuit board; the device is 
also drilled and tapped so that you can 
mount an additional heat sink or mount 
the unit to a chassis. 

Although the LM377 is quite immune 
from self-destruction, it can be damaged 
by applying a large external voltage at J1. 
Overvoltage sensor OV201 protects the 
output of IC204 from external damage. If 
±10 volts or more is applied to the 
output terminal, OV201 shorts to ground 
and prevents the external voltage from 
reaching IC204. If this voltage is present 
for any significant time, F201 blows, 
thereby protecting OV201 from excess 
dissipation. 

The external overvoltage protection is 
optional. There are several devices on the 
market designed to limit voltage, and the 
PC board is set up to accept several 
different types. The recommended LA10 
device costs approximately $20. Even 
though this $20 is there to protect a $3 
output amplifier, the value lies in elimi¬ 
nating repair costs and downtime. 

Resistor R299 establishes the output 
impedance. The jumper around R299 is 
on the circuit board. Normally, R299 is 
omitted in which case the output imped¬ 
ance is less than 1 ohm. If some other 
output impedance is desired, it is inserted 
as R299 and the jumper on the board is 
cut. The jumper is on the reverse side of 
the board readily accessible in a finished 
unit, which makes it easy to attach 
R299. 

Timebase calibration 

Connect a reasonably well-calibrated 
oscillator scope to Jl. (The scope is the 
only calibration standard that will be used 
and it is assumed that amplitude calibra¬ 
tions are not critical.) 

Set the scope input to DC. 

Set all trimming resistors to their 
center positions. 

Turn on master power switch SI and 
S2. 

Set S5 to triangle and S8 to not 

INVERT. 

Set R3 to maximum and R4 to 0. 

Set S3 to 1 kHz. 

Set S4 to symmetrical. 

Set R1 to lower position. 

The output should show a clean 
triangle wave at about 1 kHz. 

Set R3 to zero. 

Make sure that R4 is at 0. 

Adjust R232 for zero offset. 

Set R3 to maximum. 

Adjust R227 for 16 volts peak-to- 
peak. 

Adjust R240 for zero offset. 

Switch S5 to squarewave. 

Adjust R224 for 16 volts peak-to- 


This is easy- 
anyone can solder- 4 

KESTERSOLDER 



Z ' 


Handymen! Hobbyists! 
DO-IT-YOURSELFERS! 

Let Kester Solder aid you in your home repairs or hobbies. For that household 
item that needs repairing — a radio, TV, model train, jewelry, appliances, minor 
electrical repairs, plumbing, etc. — Save money — repair it yourself. Soldering 
with Kester is a simple, inexpensive way to permanently join two metals. 

When you Solder go “First Class” — use Kester Solder. 


m KESTER SOLDER 

Litton 4201 WRIGHTWOOD AVENUE/CHICAGO, ILLINOIS 60639 












peak. 

Adjust R225 for zero offset. 

Switch S5 to sinewave. 

Adjust R223 for approximately 16 
volts peak-to-peak and R222 for ap¬ 
proximately zero offset. Both these 
resistors will be readjusted later. 

Switch the scope input to AC. 

Adjust R212 for slight clipping. 

Adjust R213 for symmetrical wave¬ 
form. 

With the scope set to AC, adjusting 
R213 will cause the average level of the 
waveform to shift; therefore, symmetry is 
achieved when the positive-going and the 
negative-going peaks are exactly the same 
distance from the center line on the 
scope. 

Adjust R212 for minimum sinewave 
distortion. A sinewave plotted on the 
face of the scope can greatly assist 
in this. Use an 8 X 8-centimeter 
overlay, and a harmonic distortion 
analyzer can be used if one is avail¬ 
able. 

Adjust R223 for 16 volts peak-to- 
peak. 

Switch the scope input to DC. 

Adjust R222 for zero offset. 

Set S5 to triangle wave. 

Check the waveform quality at each 
position of S3. 

At the 1 OK position, the waveform will 
be distorted; however, the 10K position is 
only intended to trigger the pulse genera¬ 
tor. When you initially check the low- 
frequency ranges, set R1 to 100 F. Any 
deviation from strict linearity indicates a 
leaky capacitor. A slight curving of the 


ELCETRONICS 



LOGIC PROBE 




DOES IT 


ALL! 






FEATURES: 
HI/LO 
PULSE (50NS) 
SHORT OR OPEN 
MEMORY DETECTION 
3 FOOT CORD 
NO QUESTIONS. 
GUARANTEE 
IMMEDIATE SHIPMENT. 


KWW 


ELCETRONICS 

P.0. BOX 2522r 
PADUCAH, KY. 42001 Ph.502/442-7940 


waveform is acceptable for most applica¬ 
tions. However, if curving is severe, the 
circuit may not oscillate at all at low 
currents. For the lowest positions of S3, 
set the horizontal timebase of the scope to 
external; this will produce just a vertical 
trace. Then, follow the oscillator through 
at least a couple of cycles to insure there 
is no excessive leakage. At the 0.002 
setting of switch S3, a single cycle is 
approximately 8 minutes. If the scope 
beam stops while approaching one peak, 
increase R1 slightly. This increases the 
charging current. The beam should con¬ 
tinue slightly, which indicates excessive 
leakage. Increasing R1 past some point 
should cause the oscillator to restart. 


Replace the capacitor that is leaky. 

Then, 

Set R3 to maximum. 

Set S9 to manual. 

Set R4 to zero. 

Set R206 for zero output. 

Move R4 to +5 volts. 

Set R209 for a + 8-volt output. 

Move R4 to —5 volts. 

The output should be approximately 
— 8 volts. Resistors R206 and R209 will 
be fine-tuned later on. 

The combination of 50K (R3) and 16K 
(R234) produces a taper similar to the 
audio taper in most controls. 

That’s it for now. Next month, we’ll 
cover the pulse generator, sweep shaper 
and audio sweep generator. R-E 


in portable multimeters, 
compare our features, 
our quality, our price! 


Analog, LED, and LCD—SOAR has the battery-operated multimeters for 
your application: the engineering and test lab, the field service technician, 
the small repair shop, and the radio hobbyist. J ust take a look at some of the 
features of our instruments. 


ME-221 ANALOG MULTIMETER 

It's drop-proof—the taut band absorbs shocks to50 
G's, and the meter movement is made in the U.S.A. 
Rugged and versatile, this multimeter has no equal 
at our price—$30.00 


ME-521DX 

DIGITAL 

MULTIMETER 

This truly portable (12.7 oz.) 
3'/2-digit LED precision in¬ 
instrument has a HI-LO 
switch for all ranges, five 
function modes, and an ac¬ 
curacy of 0.5% (typical). 
Price—$115.00 


ME-523 DIGITAL MULTIMETER 

For the price, this is the best multimeter on the market to¬ 
day. It presents the function mode right on the LCD dis¬ 
play, hasa HI-LOswitchforall ranges,anextremelylong 
battery life, and an accuracy of 0.25% (typical). And all 
this for a price of $150.00 
And let's not forget our workhorse ME-522. It has almost all the features of the 523, 
but at an even lower price—$135.00 

Contact us TODAY for more details on SOAR’s portable multimeters —and 
why not also inquire about our complete line of bench-type, tilt view DMM’s. 
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/Jr corporation 


SOAR ELECTRONICS (U.S.A.) CORP. 
813 2ND STREET 

RONKONKOMA, NEW YORK 11779 
TEL. (516) 981-6444/TELEX 144638 


CIRCLE 57 ON FREE INFORMATION CARD 


CIRCLE 35 ON FREE INFORMATION CARD 
















B&K-PRECISION’s 

new 
digital 
probe 
offers more 
jthan logic. 



Model 

DP-50 

I Reveals pulse 
presence to 50MHz 
I Priced at only $50 
I Multi-family, compatible 
with TTL, DTL, RTL, 

CMOS, MOS, and HiNIL 
I Clearly displays in-circuit 
logic activity 

I Memory mode to “freeze” 
pulse display 
I Pulse mode to “stretch” 
short pulses 

I 2 megohm input impedance 
I Typically detects pulses 
to 10 nanoseconds 
I Overload and reverse 
polarity protected 

The new B&K-PRECISION DP-50 50MHz 
digital probe simplifies the trouble¬ 
shooting and analysis of all digital cir¬ 
cuits by clearly displaying in-circuit 
logic activity and pulse presence. 

This compact instrument includes 
every important logic probe feature 
and more. Three bright LED indicators 
display pulse presence and high- and 
low-logic states. Unlike ordinary logic 
probes, the DP-50 digital probe will con¬ 
tinue to indicate pulse presence to 
50MHz. 


t 


PRECISION 


DYNASCAN 

CORPORATION 

6460 West Cortland Street 
Chicago, Illinois 60635 • 312/889-9087 
_ In Canada: Atlas Electronics. Ontario _ J 
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new produces 


More information on new products is available from 
manufacturers of items identified by a Free Information 
number. Free Information Card is inside the back cover. 


DUAL-TRACE 100-MHz SCOPE, model PM3262, 
is a dual-channel, 100-MHz instrument that pro¬ 
vides both a main timebase and an alternate 
timebase to display trigger signals simulta- 
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neously. Offers a 5- to 10-mv-per-division sensi¬ 
tivity, rectangular CRT with internal graticule, 
pushbutton-selectable trigger modes, X10 mag¬ 
nification, ±3% accuracy, and X-Y operation. 
Unit operates on 140 VAC; 200-264 VAC, 440 Hz; 
and 250 VDC. It comes with probes, filters, cover, 
adapters, and manual, with other optional acces¬ 
sories available. The model PM3262 measures 
12.5 X 6.1 X 16.2 in., weighs 21.1 lb., and costs 
$2345.—Philips Test & Measuring Instruments, 
Inc., 85 McKee Drive, Mahwah, NJ 07430. 

DUST REMOVER Micro-Duster, uses nonflam¬ 
mable, nontoxic filtered compressed gas to re¬ 
move lint, dust, oxide particles, etc., from delicate 
instruments. Suggested applications include au¬ 
dio components, computer tapes and heads, 
timepieces, camera lenses and other optical de¬ 



vices. Micro-Duster produces over 1800 one- 
second bursts (25-30 minutes continuous dust¬ 
ing) in a single can. It comes with a 6-inch exten¬ 
sion tube; for hard-to-reach areas, Vibra-Jet 
attachment provides extended range. Comes in 
15-oz. cans with a suggested retail price of $2.50. 
Available only through Chemtronics distribu¬ 
tors.— Chemtronics, Inc., 45 Hoffman Ave., 
Hauppauge, NY 11787. 

SOLDERLESS BREADBOARD COMPONENTS, 

Quick Test (07) sockets and bus strips, are 
spring-clip arrays behind a series of small holes 
on a molded plastic surface that can accommo¬ 
date AWG Nos. 22-30 wire sizes. Sockets com¬ 
prise 5-tie-point spring-clip terminals on either 
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side of a 0.3-inch channel, and can be used either 
alone or ganged with jumper leads for larger 
arrays. Bus strips contain twin rows of intercon¬ 
nected tie-points to provide 35, 47 or 59 tie-point 
terminals. The sockets come in 7 lengths with 
from 14 to 118 terminals; the bus strips measure 
from 4.1 to 6.5 inches long, with twin buses of 35, 
47, 59 tie points each. Prices: QT sockets, 
$3-$12.50; bus strips, $2-$2.50.—Continental 
Specialties Corp., 70 Fulton Terrace, New Ha¬ 
ven, CT 06509. 

ADVANCED DRAFTING AID, Paramatic Drafting 
Set, is designed for technical designers and 
requires no T-square or parallel bar. The set 
consists of a vinyl-covered drafting board with 
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two 11-inch clear nylon triangles, each locking 
into a precise horizontal or vertical position on 





































All Davis Frequency Counters deliver highest quality at 
low cost. But Series 7200 plug-in or battery-powered 
Mini Counters are truly minimal cost, general purpose 
instruments that sacrifice no basic performance char¬ 
acteristics. No other counter offers such superior fea- 
tures at Mini Counters' prices One year warranty on 
assembled units, 90-day on kit components. 





INTERNATIONAL FM-2400CH 

FREQUENCY 
METER FOR 
TESTING MOBILE 
TRANSMITTERS 
AND RECEIVERS 

• Portable • Solid State • Rechargeable Batteries 

The FM-2400CH provides an accurate frequency standard fortesting 
and adjustment of mobile transmitters and receivers at predeter¬ 
mined frequencies. 

The FM-2400CH with its extended range covers 25 to 1000 MHz. 

The frequencies can be those of the radio frequency channels of 
operation and/or the intermediate frequencies of the receiver be¬ 
tween 5 MHz and 40 MHz. 

Frequency stability: ±.0005% from +50° to +104°F. 

Frequency stability with built-in thermometer and temperature cor¬ 
rected charts: ±.00025% from +25° to +125° (.000125% special 450 
MHz crystals available). 

• Tests Predetermined Frequencies 25 to 1000 MHz 

■ Extended Range Covers 950 MHz Band 

■ Pin Diode Attenuator for Full Range Coverage as Signal 
Generator 

■ Measures FM Deviation 
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FM-2400CH (meter only) Cat. No. 035320 
RF crystals (with temperature correction) 
RF crystals (less temperature correction) 

IF crystals . 


Write for catalog 


INTERNATIONAL CRYSTAL MFG. CO., INC. 

10 North Lee / Oklahoma City, Okla. 73102 
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Read about The Newest, Most Exciting 



The GD-1186 Digital Readout Elec¬ 
tronic Scale shows you your weight 
in bright easy-to-read digits to elim¬ 
inate guessing and interpolating. 
It uses an advanced strain-gauge 
transducer for outstanding pre- 
I cision just like expensive 
laboratory scales. 


The GR-2001 Comput¬ 
erized Programmable 
Color TV lets you select 
a complete evening’s 
viewing, then just sit 
back and relax. 

Changes channels 
automatically, it can 
even rotate your TV antenna! 



Two new FCC-approved linear 
amplifiers add plenty of 
power to your Amateur 
Radio station. Choose from 
1 kW or a hefty 2 kW to 
really get your signal out! 




Exciting 2-Meter Amateur 
Radio Gear in¬ 
cludes a new 
hand-held trans¬ 
ceiver with mini¬ 
mum 2 watts out 
and 600 kHz off¬ 
sets, and our 
famous HW- 
2036A, the mobile 
2-meter industry 
standard. 


The ID-4001 is the 
first totally comput¬ 
erized digital per¬ 
sonal Weather Sta¬ 
tion that tells you 
indoor-outdoor tem¬ 
perature, wind chill, 
wind speed and 
direction, baromet¬ 
ric pressure and 
more. Stores and 
retrieves info, too! 




The OC-1401 Aircraft Navigation 
Computer gives you full on-board 
computer power right in your hand. 
Helps you compute important flight 
data for safer and more efficient flight 
planning. Accepts and computes data 
for up to nine different flight legs. 


Our low-priced 10-4205 is the 

ONLY DC-5 MHz oscilloscope 
we know of that offers DUAL¬ 
TRACE versatility for sophisti¬ 
cated measurements! 


The finest oscilloscope we've 
ever offered gives you DC to 35 
MHz response with DUAL¬ 
TRACE and DELAYED SWEEP 
— it’s the one you can use for 
virtually all electronic measure¬ 
ment and design work. Com¬ 
pares to scopes costing twice 
as much. 


llCW 


We’ve got the Personal Computer System you need, 

with the software support for any application you wish to 
program. Our “total” design computer systems include both 
8-bit and 16-bit units with a full line of peripherals, acces¬ 
sories and floppy disk storage. With full documentation 
—'i and optional software. 



new 


The new WH14 Line 
Printer provides the top 
value “hard copy” print¬ 
out of your computer 
programs. 


Heathkit stereo equipment 

is famous for fine sound 
reproduction and out¬ 
standing specifications. 
Our new rack-mount 
series of stereo com¬ 
ponents continues this 
fine tradition. A sophis¬ 
ticated new stereo am¬ 
plifier, digital readout 
tuner and graphic out¬ 
put indicator are avail¬ 
able now. A super 
preamp and a hand¬ 
some new rack are 
coming soon. And we 
have a complete line 
of stereo speakers to 
complement them, 



Choose from these and nearly 400 other quality, 
money-saving electronic kits for 
your home, your hobby, or your business. 


Catalogs are also available at Heathkit Electronic Centers Coast-to-Coast 
(Units of Schlumberger Products Corporation) where Heathkit products are 
displayed, sold and serviced. See the white pages of your phone book. 













Electronic Products in your... 



Send for your 
FREE Copy Today! 


If card or coupon 
is missing, write: 

Heath Company, Dept. 020-500 
Benton Harbor, Michigan 49022 


HEATHKIT 

CATALOG 


Some of the most exciting electronic products 
around are easy-to-build kits from Heath! From 
the world’s first fully computerized digital 
readout weather station to a computerized color 
TV you can program for an entire evening’s 
viewing, Heath leads the way in sophisticated 
electronics. And every Heathkit product comes 
with a comprehensive step-by-step instruction 
manual that makes kitbuilding fun and easy. 
Choose from nearly 400 electronic kits you 
can build yourself in this new FREE catalog. 
Send for your copy today! 






















Put Professional Knowledge and a 

COLLEGE DEGREE 


in your Electronics Career through 



by correspondence, while continuing your 
present job. No commuting to class. Study 
at your own pace. Learn from complete and 
explicit lesson materials, with additional 
assistance from our home-study instructors. 
Advance as fast as you wish, but take all the 
time you need to master each topic. Profit 
from, and enjoy, the advantages of directed 
but self-paced home study. 

The Grantham electronics degree pro¬ 
gram begins with basics, leads first to the 
A.S.E.T. degree, and then to the JB.S.E.T. 
degree. Our free bulletin gives complete 
details of the program itself, the degrees 
awarded, the requirements for each degree, 
and how to enroll. Write for Bulletin R-79, 
Grantham College of Engineering 
2500 S. Lacienega Blvd. 

P.O. Box 33499 
Los Angeles, CA 90035 

Worldwide Career Training thru Home Study 
CIRCLE 17 ON FREE INFORMATION CARD 



FREE INFORMATION CARD 


computer products 


More information on new products is available from 
manufacturers of items identified by a Free Information 
number. Free Information Card is inside the back cover. 


S-100 BUS EXTENDER BOARD KIT, model TB-2, 
Is an S-100 bus-compatible card with several new 
features: A built-in logic probe with 7-segment 
display; a pulse catcher with LED; and a “kluge 
board" (with holes on a 0.1-inch grid) that aids in 
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assembling debug or test circuits. Power is pro¬ 
vided by an on-board 5-volt regulator. Other 
features include power-supply links for current 
measurement and independent supply switching; 
edge connector label; and gold-plated edge con¬ 
nectors. List price, $35.— Mullen Computer 
Products, Box 6214, Hayward, CA 94545. 

8-LEVEL READER/PUNCH is equipped with a 
serial interface that operates with a standard 
acoustic coupler or an RS-232-compatible inter¬ 
face. The serial interface converts reader contact 
inputs and punch solenoid outputs to RS-232 
levels and ASCII codes computer hookup. The 
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unit can also be used as a remote paper-tape 
terminal. Applications include typesetting, num¬ 
eric control, program paper tape loading and 
paper tape generation/duplication. Parallel inter¬ 
face version is also available. Prices: serial ver¬ 
sion, $895; parallel version $695.—NCE/Compu- 
Mart, Box 8610, Ann Arbor, Ml 48107. 

COMPUTER SOFTWARE is packaged on mini¬ 
diskettes in North Star format, ready for imple¬ 
mentation in any S-100 8080/280 system. The 
applications programs include: financial, mathe¬ 
matical analysis, statistical and miscellaneous. 


games (including Trap, Taxman, Calendar, Civil- 
war, Lunar Lander), backorder and mailing list 
(using disc data files), plus North Star DOS for 
Centronics printer (retail sales reporting and pro¬ 
file, both using disc files). Price: $35 each.— 
MicroAge Mail Order, 1425 W. 12th Place #101, 
Tempe, AZ 85281. 
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MEMORY BOARD, 32K Bytesaver, comes as¬ 
sembled or in kit form, and is compatible with the 
S-100 bus and with System Two and System 
Three computers. The board contains a 2716 
PROM programmer, compatible with Intel 2716 
PROM's or equivalent. Fast data storage is imple¬ 
mented by a single write into an erased PROM. 
The board also provides a 32K-byte ROM capa¬ 
bility. Switches are provided to protect and 
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unprotect ROM’s, shadow ROM sockets, select 
card addresses and control Bank-Select or DMA 
I/O features. Prices: 32K Bytesaver, kit, $195; 
assembled, $295.— Cromemco, Inc., 280 Bernar¬ 
do Ave., Mountain View, CA 94040. 

S-100 BUS PROM BOARD, model 8K Plus 2, is 
available in kit form (plus sockets) or fully assem¬ 
bled. The board is designed for use with eight 
2708 EPROM's, and has two provisions for either 
2716’s or pin-compatible 8316 ROM's. The 
board’s circuitry can pull Ready-Line low for use 
with low-speed ROM’s, and three extra 16-pin 



CIRCLE 117 ON FREE INFORMATION CARD 


pads are included for TTL PROM’s, power-on 
jump, etc. The board is made of epoxy glass with 
solder-tinned pads and buses and gold-plated 
edge connectors. Prices: kit, $59.95; assembled, 
$109.95.— Mini Micro Mart, 1618 James St., 
Syracuse, NY 13203. 
















































































































A fine selection of small tools, 
measuring instruments, hard-to-find 
items for shop, home and lab. 
Convenient one-stop shopping for 
technicians, engineers, craftsmen, 
hobbyists. Major credit cards ac¬ 
cepted, satisfaction assured. Get 
your NATCAM catalog today. 


National Camera, Int. 

V 2000 West Union Ave., Dept. GBF 
Englewood CO 80110 USA 
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FRE6 5uiTri 

CATALOG 

Aud io—Computers 
Instruments 
Kits & Assembled 




Southwest Technical Products Corporation 

219 W. RHAPSODY 
SAN ANTONIO, TEXAS 78216 



More information on new products is available from 
manufacturers of items identified by a Free Information 
number. Free Information Card is inside the back cover. 


MICROPHONE MIXER, model MX3000, is a 
sound-studio unit designed to handle any high- 
power amplifier without using external preamp. It 
has provisions for 6 mike inputs and 2 stereo line 
inputs. Other controls include individual mike 
attentuators, and stereo/mono switches, a mas¬ 
ter control switch and headphone monitor. Speci- 
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fications are: input sensitivity (mike), 0.5 mV, 
(line) 65 mV; output impedance, 100 ohms; hum 
and noise (mike), -52 dB, (line) -65 dB; fre¬ 
quency response (mike) 20 Hz-18 kHz (1 dB); 
(line) 10 Hz-30 kHz (—1 dB). The unit measures 
12% W X 9% H X 3'/s inches D, and weighs 6Vi 
lb. Suggested retail price: $149.95.—Numark 
Electronics Corp., 503 Raritan Center, Edison, 
NJ 08817. 

TAPE RECORDER CARE KIT provides a flexible 
way to clean tape heads in hard-to-reach spots. 
The kit contains various plug-together plastic 
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tools, a mirror, a variety of felt applicator tabs, 
and a bottle of tape head cleaner. Price: $8.95.— 
Maxell Corp. of America, 130 Commercial Way, 
Moonachie, NJ 07074. 

SIGNAL PROCESSOR/PREAMPLIFIER, model 
SP4002, contains two separate phono preamps 
with a 0- to 150-pF variable cartridge loading 
capability and a variable impedance of 100 mV at 
47,000 ohms; both accept any cartridge with a 
0.28- to 300-mV output capability. Each preamp 
contains inputs and outputs, and provides a vari¬ 


able ±20-dB gain, 97-dB S/N ratio, 300-mV 
overload capability, plus the newly approved 
RIAA equalization curve. Front-panel controls 
include signal processing switches (including 
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subsonic filter, external loops, equalizer, mono¬ 
phonic mixer for Channels A and B and tape- 
record switches); volume and balance control 
switches; power on-off switch; and source selec¬ 
tion switch. Built into the preamplifier unit is a 
graphic equalizer providing from 15-dB to 22-dB 
boost-per-octave and a better than 114-dB S/N 
ratio. Also included on the front panel are head¬ 
phone jacks and an extra tape recorder jack. 
Price: $699.—Soundcraftsmen, 1721 Newport 
Circle, Santa Ana, CA 92705. 

AM/FM STEREO RECEIVER, model STR-V7, is a 
top-of-the-line unit that provides 150 watts-per- 
channel RMS into 8 ohms from 20 Hz to 20 kHz, 
with no more than 0.07% THD and IM distortion. 
Its features include tape monitors and dubbing; 
stepped-attenuator volume control; bass and tre¬ 
ble controls; high-cut and low-cut filter switches; 
and a loudness-compensation switch. The receiv¬ 
er also includes an FM bandwidth switch, linear 
dial calibration, flywheel coupling, FM muting 
switch, center tuning and signal-strength me- 

The tuner front end contains a MOSFET RF 
amplifier, 4-gang tuning capacitor and oscillator; 
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the IF stage comprises 4-element ceramic filters, 
a differential amplifier and 5 banks of limiters. A 
phase-locked-loop multiplex 1C provides 48-dB 
at 1-kHz stereo separation. The amplifier section 
contains a toroidal-coil transformer and two 
15,000-pF capacitors; and the preamp features 
RIAA phono equalization and provides 25-mV 
overload protection. Suggested list price: 
$820.—Sony Corp. of America, 9 W. 57th St., 
New York, NY 10019. 
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next month 

■ Your Own Computer 

A special section devoted to personal 
computing with the accent on peripheral 
devices, including printers, terminals and 
floppy discs. You won’t want to miss the 
many hints on selecting and setting up a 
system and the round-up listings of pe¬ 
ripheral devices. 


■ Rechargeable Batteries—Past, Present 
And Future 

A look at the improvements that have 
taken place in the last 10 years and what 
may take place in the next 10 years, with 
a special look at lithium cells. 

■ Build A String Synthesizer 

Part 2—Construction details for a profes¬ 
sional-quality music synthesizer that can 
be built for many times less than com¬ 
mercially available instruments. 


Want to Switch 
to Land Mobile 
Servicing? 

WE CAN HELP YOU SWITCH 

... by providing professional 
HOME STUDY 
training for you and your 
technicians. MTI has been 
providing specialized training 
in land mobife servicing 
for 18 years. We would like 
to help you also. For more 
information, cut out this 
coupon. 

NO SALESMAN WILL CALL! 

Address- 

City- 

State/Zip - 


MTI 

Mobile Training Institute 
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THE BIG PLUS + 
Graphic Equalizer 



• Stereo . . . Eleven Bands Per Channel • Extremely Low 
Noise & Distortion • LED Peak Indicators • Center Detent 
(“flat”) sliders • Built-in “record” Switching »Line and Micro¬ 
phone Level Inputs/Outputs • Regulated Power Supply • 
Fully Guaranteed • Horizontal or Vertical Cabinets • Kit or 
Fully Assembled • Plus Much, Much More! 


Absolutely equals or exceeds overall performance 





Accuracy like a VTVM... 
Convenience like a VOM... 

NEW BATTERY-OPERATED FET 
SOLID-STATE VOLT-OHM METER *116 



" Dealer"inquiries invited" 












































HOLD IT 



PanaVise tilts, turns, rotates. 
One quick turn of the control 
knob and you securely position 
your work exactly where you 
want it. Holds firmly but gently 
the most delicate electronic 
parts and P. C. boards. 


Whether you’re into building 
home electronics, trouble 
shooting, or professional serv¬ 
icing ... you'll wonder how 
you got along without this mod¬ 
estly priced ‘extra hand.’ 

Model 396 Wide Opening PanaVise 
shown. An ingenious variety ot other 
interchangeable bases, holders and 
accessories also available. See your 
electronics distributor, or write 
)r FREE brochure. 

^MASCep,.. 

2850 29th St., Long Beach, CA 90806 
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The world of 
electronics 
gee-wizardry 


-YOURS FREE. 

32-pages of test instruments —from the 
latest digital multimeters to the famous 
EICO scopes. Security systems. Auto¬ 
motive and hobbyist products. Kits and 
assembled. EICO quality. EICO value. 
For FREE catalog, check reader service 
card or send 754 for first class mail. 

^WJTaJ§ 7/ 108 New South Road 

Jtl'i'im Hicksville, N.Y. 11801 

^ ___ 





More information on new lit is 
available from the manufacturers 
of items identified by a Free Infor¬ 
mation number. Use the Free In¬ 
formation Card inside the back 
cover of this issue. 


ELECTRONICS CATALOG, 48 pages of dis¬ 
counted items for electronics hobbyists, educa¬ 
tors, dealers. Includes hundreds of items from 
basic components to TV and hi-fi equipment, a 
radar warning system, telephone keyboard, clock 
assembly, etc. Catalog also includes a 16-page 
wholesale supplement listing items of special 
interest to dealers and volume users.—ETCO 
Electronics Corp., North Country Shopping Cen¬ 
ter, Rte. 9 North, Plattsburgh, NY 12901. 
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BRADFORD COMPONENTS CATALOG, 8 pages 
listing components for servicing Bradford TV’s 
and appliances. Included are resistors, VDR’s, 
transistors, diodes, electrolytics, semiconduc¬ 
tors; several parts kits are featured, as are Brad¬ 
ford service manuals. Price: $1.50 (refundable 
with first purchase).—The Marcel Companies, 
Parts Division, 57 Enfield St., Enfield, CT 06082. 

TROUBLESHOOTING GUIDE, Common Produc¬ 
tion Soldering Problems: Causes and Cures, is a 
four-page article detailing the most common 
soldering defects and can be used as a reference 
for assembly and production personnel. Some of 
the problems discussed are insufficient or exces¬ 
sive solder on joints, solder joint discoloration 
and solder bridges, nonwetting and dewetting 
conditions, measling and cold joints. Possible 
causes for solder defects plus suggested solu¬ 
tions accompany each section.—Multicore Sol¬ 
ders, Westbury, NY 11590. 
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QUARTZ CRYSTALS catalog contains 7 pages 
describing high-quality crystals for a wide variety 
of equipment applications—from replacement 
units to new, modified or experimental equip¬ 
ment. Crystals are available for Motorola, GE, 
E.F. Johnson, Comco and other manufacturers. 
Complete descriptions and specifications are giv¬ 
en along with technical information for all crystal 
sizes and types—from microminiature to large 
and cold-weld varieties.—Savoy Electronics, 
Inc., 1175 N.E. 24th St., Fort Lauderdale, FL 
33310. 
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ELECTRONIC WIRE/CABLE CATALOG, Catalog 
No. 878, 180 pages of multi-conductor cables, 
computer cables, hookup wires, coax cables, wire 
and cable assembly packages, and shielded/ 
unshielded cords and portable cordage. Catalog 
includes such products as power-limited low- 
energy cable (UL-approved); bus-cable assem¬ 
blies for IEEE-488 interconnections; and CEE 
color-coded wire. Construction details, specifica¬ 
tions and electrical characteristics are given in 
both conventional and metric units. Price: 
$2.50.—Belden Corp., 2000 S. Batavia Ave., 
Geneva, IL 60134. 
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market center 


CLASSIFIED COMMERCIAL RATE (for firms or individuals offering commercial products or 
services). $1.50 per word (no charge for zip code). . . minimum 15 words. 

NONCOMMERCIAL RATE (for individuals who want to buy or sell personal items) 85$ per word . . . 
no minimum. 

ONLY FIRST WORD AND NAME set in bold caps. Additional bold face (not available as all caps) at 
10$ per word. Payment must accompany all ads except those placed by accredited advertising 
agencies. 5% discount for 6 issues, 10% for 12 issues within one year, if paid in advance. All copy 
subject to publisher’s approval. Advertisements using P.O. Box address will not be accepted until 
advertiser supplies publisher with permanent address and phone number. Copy to be in our hands 
on the 26th of the third month preceding the date of the issue (i.e., August issue closes May 26). 
When normal closing date falls on Saturday, Sunday or a holiday, issue closes on preceding 
working day. 


PLANS & KITS 


LINEAR AMPLIFIER: Ham only 2-30 MHz, 100 
watt, solid-state. FREQUENCY COUNTER: 300 
MHz, miniportable/mobile, memory! VOX— 
COMPRESSOR: Splatter-free modulation boost¬ 
er. Construction plans $3.00 each. All $7.50! 
Many others, catalog with order. PANAXIS PRO- 
DUCTIONS, Box 130-F2, Paradise, CA 95969 


SCANNER users—Build many useful accesso¬ 
ries. Free kit catalog. CAPRI ELECTRONICS, 
Route 1R, Canon, GA 30520 


AMPLIFIER kits: Low TIM, Class A, BI-FET cir¬ 
cuitry. Free 60-page manual. MOONLIGHTER 
ELECTRONICS, 117 Inverness, San Francisco, 
CA 94132 


CIA TOOL KIT. Complete schematics for 30 elec¬ 
tronic surveillance devices. $15.00. MICRON RE¬ 
SEARCH, PO Box 118, Woodstown, NJ 08098 


PRINTED circuit boards from your sketch or 
artwork. Affordable prices. Also fun kit projects. 
Free details. DANOCINTHS INC, Box 261, West- 
land, Ml 48185 


AMAZING ELECTRONIC PROJECTS and PRODUCTS: 

Lasers Super Powered. Burning, Cutting, Rifle, Pistol. 
Pocket. See in^ Dark—Shotgun Directional ^Mike— 


trifylng. Ultrasonic, CB, Auto and Mech. Devices, I 
dreds More—All New Plus INFO UNLTD PARTS SER¬ 
VICE. Catalog $1. Information Unlimited, Dept. R8 Box 


SAVE 50%. Build your own speaker system. 
Write for catalog: McGEE RADIO, 1901 McGee, 
Kansas City, MO 64108 


PROJECTION TV.... Convert your TV to project 
7 foot picture. Results equal to $2,500 projector. 
Total cost less than $20.00 Plans & lens $16.00. 
Illustrated information free. MACROMG B, Wash¬ 
ington Crossing, PA 18977 


FOR SALE 


FREE catalog (anglais). IC’s, semi's. CORONET 
ELECTRONICS, 649A Notre Dame W„ Montreal, 
Que. Canada, H3C 1H8. US inquiries. 




RADIO & TV tubes 36$ each. One year guaran¬ 
teed. Plus many unusual electronic bargains. 
Free catalog. CORNELL, 4217-E University, San 
Diego, Calif. 92105 


NAME brand test equipment. Up to 50% dis¬ 
count. Free catalog and price list. SALEN ELEC¬ 
TRONICS, P.O. Box 82, Skokie, IL 60076 


SPEAKER INFORMATION KIT 



STAMP collectors. Fine sets of no-gum unused 
Canadian postage stamps. More than $2 face 
value only $1 US funds plus SASE. Quantities 
limited. G. STECKLER, 24 Straw La., Hicksville, 
NY 11801 


Write for Your V ^ Up 

r™ W J*g ^ 

= TIU-TEK 

incorporated 

VCR’S, CPU’s, etching solution, and much more 
at discount prices. For more information send 
50$ to: CHARLES LEWIS, Moravia, IA 52571 



Independent News Company, Inc. is 
pleased to announce a Retail Display Plan 
available to all retailers interested in earn¬ 
ing a display allowance on Radio-Electron¬ 
ics magazine and who purchase the maga¬ 
zines from suppliers other than Indepen¬ 
dent News Co., Inc., or the publisher. 

To obtain details and a copy of the formal 
contract please write to Director, Retail 
Sales Division, Independent News Co., Inc., 
75 Rockefeller Plaza, New York, N.Y. 10019. 
Under the display plan in consideration of 
your acceptance and fulfillment of the terms 
of formal contract to be sent to you upon your 
request you will receive a display allowance of 
10% of the cover price per copy sold by you. 
This plan will become effective with all issues 
of Radio-Electronics delivered to you subse¬ 
quent to the date your written acceptance’of 
the formal Independent News Co., Inc. Retail 
Agreement is received and accepted by our 
Company. 


■IPr 


97 













































































Burglar • Fire « Smoke 
Alarm Catalog 


A CARD player's dream. 25* to LANGEN, Box 
191-CB, Downsview, Ont M3M 3A3 


FREE KIT Catalog 


SPECIAL offer available. 7" reel to reel tape new 
$1.00 per roll plus .50* shipping per roll. Order 
from: LABTRONICS, 850-167 Lombard Avenue, 
Winnipeg, Man., Canada R3B OV8 



• Billions of dollars lost annually due 
to lack of protective warning alarms. 

FREE CATALOG Shows you how to 
protect your home, business 
and person. Wholesale 
prices. Do-it-yourself. Free 
engineering service. 


Box 82802 RE-029 Lincoln, Ne. 68501 



Pushbutton am 

AUTO RADIO 



799 


AU-580 

In-Under Dash 
Volume and 
=, r. Tone Control 
Op w *12 VDC Neg. Grd. 
•Solid-State »6 lbs 


FT. MYLAR 

RECORDING 
TAPE 


79« 


£5Si 


•Quality Mylar Tapes 
•7" Reel 

•Made By Famous U.S. Mfr. 


^0000HM?PER VOLtTESTER^ 



C REPLACEMENT AA 

TONE ARM 69 C 


TE-184 

• Pocket Size Goes 
Anywhere 

• Easy to Read Meter 

s§r?'!!K TER 7 99 ll 


• For All Manual Portable Phonos 
•Sapphire Stylus »3 Volt Output 
•Replacement for Kiddie Phonos 
•Mono Flip Over Cartridge »Wt. % lb. 


STRENGTH CB 067 
If INDICATOR Reg.'*** 

• For Accurate Tuning of CB 
. Antenna ‘Styles Vary 
I L ‘Range 2 to 30MHz «52 Ohms^ 

8 OHM EARPHONES ^ 


8-TRACK CASSETTE 

‘0-MINUTE BLANK J60MJNUTE BLANK 

^49«fe87« 


29' 


• Package of 4 
•Earphones Without Plugs 
|,| •Shpg. wt. % lb. _ J 


TA-907 jTA-879 

•ErliSd, Not Re 9 *^ eal ,or Re 9- 
Used •'/? lb J99<S I y o U ice lb. >•&J 

f 500-Ft. Hookup Wire Kit N 

essO ** $ 9 

WW-579 £ m 





Dept.LM 260 S. Forge St. Akron, Ohio 44327 


For 24 Hour PHONE 

* Service Call (216)535-1800 

Please send me a free subscription 
to Olson Value Packed Catalog. (Within the Continental USA Only) 




Price Ea. Total 


SELLING Rider’s manuals, early Sams’ Photo¬ 
facts, individual service diagrams. SUPREME 
PUBLICATIONS, Box 46, Highland Park, IL 
60035 



MINIATURE electret microphone cartridges. 

Response 50Hz to 20kHz, ±3dB. Just add resis¬ 
tor, capacitor, and 1.5V to 6V. Model 35: 10mm 
diameter by 10mm length, $3.50 ppd. Model 26: 
6mm diameter by 4.5mm length, $6.00 ppd. 
GEOFFREY SOUND LABS, Dept. M, 24 N. Wa¬ 
bash, Room #823, Chicago, IL 60602 


TASC0 offers reliable TV antenna sys¬ 
tem components below wholesale prices. 
Write for our FREE 32 page catalog full of 
great surplus bargains. Such bargains as: 


©=> OEfcS 


/ MS-2 2-Way Splitter—$2.95 
-VVU* 4 4-Way Splitter—$4.95 

'T '■/{ TEXAS ANTENNA SUPPLY CO. 
/ — P.0. BOX 30143 

HOUSTON, TEXAS 77009 


TEST equipment catalog listing used Tektronix, 
HP and GR equipment at bargain prices. Price 
$1.00 refundable with first order. PTI, Box 8699, 
White Bear Lake, MN 55110 



SOLAR equipment bargain catalog for the do it 
yourselfer. Contains latest in solar cells, differen¬ 
tial controls, and all equipment related to solar 
energy. $1.00. EXTERNAL ENERGY, Box 643, 
Tempe, AZ 85281 













































































AMERICA'S LARGEST SUPPLIER 

of ORIGINAL Japanese Semi-Conductors 
for CB, TV and Stereo Repair 

We carry only genuine replacement parts 




















































































































































































































































Complete integrated ci 
data selector. Master guide 
to the latest I.C.’s including 
microprocessors and 
consumer circuits. 

l Free Quarterly Updates $39.95 


Texas Instruments 
Low Profile Sockets 

Finest Quality Socket available in the' 
world. Nobody can match Texas Inst¬ 
ruments quality — a unique combina¬ 
tion of I.C. technology and multi¬ 
metal expertise. 


Contacts Price Contacts Price 

8 PIN .08 22 PIN .22 

24 PIN .24 

28 PIN .28 

40 PIN .40 


16 PIN 
18 PIN 
20 PIN 


^^^ENEHAUNSTRUMEN^^^\ 

Amp Rectifiers (Epoxy) 1.5 Amp Single Phase 


c 


SWITCHING 


S 


Zilog 



Stock level Part No. Price 

4600 8080A >£55.50 

16000 6800 >957.95 

INTERFACE 
SUPPORT CIRCUITS 

Stock level 

4000 
1400 
2800 
1500 
4000 
1700 
700 
5800 
550 
11000 
400 
800 

3300 6810>95" 3.50 

2200 6820>95 3.95 

4200 6821>95" 3.95 

3000 6850J5&S 4.95 

1200 6852>Q5' 4.95 



MOS Static RAM's 
Stock level Part No. Price 
11400 2114 $7.50 

4K(1Kx4)300NS 

74000 2102LFPC $1.19 

IK 350NS(Low Power 

19700 2114 $6.95 

4K (IK x 4)450NS 

MOS Dynamic RAM's 


Stock level 

Part No. 

Price 

16000 

4K 4027 

$2.95 


(4K x 1) 300NS 16 PIN 

21500 

416-3 

200NS 

$9.95 

93000 

416-5 

300NS 

UARTs 

$7.95 

Stock level 

Part No. 

Price 

44000 

AY5-1013A 

$4.95 

3800 

AY3-1015 

$5.95 


IKCMOSRAM 

Stock level Part No. Price 

21400 5101 $4.95 

450NS (Low Power) 


Active 

^Electronic 

Sales Corp. 


P.O. BOX 1035 FRAMINGHAM, MASSACHUSETTS 01701 


Foreign customers pleese remit payr 
intemetionel bank draft or intemetioi 
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Radio Shack: No. 1 Parts Place 

Low Prices and New Items Everyday! 




CMOS Logic ICs 

m 


W 


276*2508. Reg. $5.95 .Sale 4.95 

M^^ ,Chandb ^3.95 



176-2501 2.49 Ea. or 8/14.95 

E&SZ’Z'Z 


2 99 

SiSS 


Analog Audio Delay 1C 

io 95 Wffi 
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S. Mounts single 14 or Ifrpin 1C or so, 
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WHY WAIT FOR MAIL ORDER DELIVERY? ^ ^ « 
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displays by LCD for 
week and AM/PM. 


* 12-16V AC 50/60 H 



IN KIT FORM $17.50 



OCL circuits. 
KIT FORM 
$8.75 EA. 



AN AIR HORN! 






6V 2AMP Rechargeable Battery 


for moped, backup 
light system, alarm 
system, CB or other 
purpose. All brand 
new, never charged! 

SPECIAL PRICE 
$4.25 EA 


* 


THE MOST POPULAR 
MM5314 CLOCK KIT 

Features: 

* 12/24 Hours Display 

* 50/60 Hz Input 

* 6 Digits Bright Orange 
Readouts 

Kit includes plastic case, MM 1 -— r 

5314 I.C. One set transistor 

drivers, P.C. Board, gas discharge displays, all other elec¬ 
tronic parts and transformer. Catalog no. DC-8SP 

SPECIAL PRICE 
$17.95 PER KIT 


9 STEPS LED LEVEL INDICATOR KIT 


for most stereo amplifi 
This new project works as a 
meter to indicate the output li 
amplifier from -20dB to +3dB. 
all LED, transistors, electronic c 


ONLY $12,50 EA. 



COMPLETED UNIT-NOT A KIT! 

OCL pre amp. & power stereo amp. with 
bass, middle, treble 3-way tone contro 
Fully assembled and tested, ready to 
Total harmonic distortion less than 0.5°/ 
at full power. Output maximum is 60 watt 
per channel at 8 ft . Power supply is 24 
36V AC or DC. Complete unit 
•Kit form $37.50 Assembled $49.50 i 

Power transformer$ 8.50 i 


WHAT A SAFE WAY TO SHOOT! 

Electronic shooting game for all 
ages. Target uses photo electric cell 
and pistol shoots light beams. 

J A _ ,, Range approx. 

fo? ^ W and tar- 

XT' 9 et makes 

i sound. Not a 

I kit! Battery 

( not included. 

$13.50 per set 


SANYO HYBRID 

Audio power amplifiers I.C. 
Max. hi-fi output power, mini¬ 
mum ext. components needed. 


STK-028 
STK-054 
STK-056 
ST K-050 


$ 8.50 
$13.50 
$17.50 
$26.50 
$14.50 
$25.50 
$31.50 


COMPUTER GRAOE 
CAPACITORS 


6000MFD 50V $2.60 EA. 

9000MFD 50V $3.25 EA. 

11000MFD 35V $3.20 EA. 

14500MFD 40V $3.40 EA. 

23000MFD 20V $3.00 EA. 

58000MFD 20V $3.20 EA. 

100.000MFD 6V $2.50 EA. 


OIP SWITCHES 






22W + 22W STEREO HYBRID AMPLIFIER KIT 

It Works in 12V D.C. As Well! Kit includes 1 PC SANYO STK- 
024 stereo power amp. 1C LM 1458 as pre amp, all other elec¬ 
tronic parts, PC Board, all control pots and special heat sjnk 
for hybrid. Power transformer not included. It produces 
ultra hi-fi output up to 44 watts (22 watts per channel) yet 
gives out less than 0.1% total harmonic distortion between 
lOOMz and lOKHz. $32.50 PER KIT 


■£ fVVTTTVTTTTTTTTTTTTTTTTTTTTVVTTTTTTTTTTTTTTTVTTTTTTTTTTTTTT 
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Kit includes: STK-015 Hybrid 1C, p 
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«) '5 I cord! ONLY $21.50 EA. 
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TELEPHONE bugged? Don’t be Watergated! 
Countermeasures brochure $1.00. NEGEYE LA¬ 
BORATORIES, Box 547-RE, Pennsboro, WV 
26415 


UNIVERSITY degrees by mail! Bachelors, Mas¬ 
ters, Ph’D’s . . . Free revealing details. COUN- 
SELING, Box 317-RE2, Tustin, CA 92680 


ASTONISH your friends with magic, E.S.P., card 
tricks you can do. Details: LANGEN, Box 191-CA, 
Downsview, Ont, M3M 3A3 


GOVERNMENT SURPLUS 


JEEPS — $59.30! — cars — $33.50! — 450,000 
items! Government surplus—most comprehen¬ 
sive directory available tells how, where to buy— 
your area—$2.00—moneyback guarantee— 
GOVERNMENT INFORMATION SERVICES, De¬ 
partment VA—2, Box 99249, San Francisco, CA 
94109 


MANUALS for Govt, surplus radios, test sets, 
scopes. List 50® (coin). BOOKS, 7218 Roanne 
Drive, Washington, DC 20021 


WANTED 


MAJOR NY publisher has immediate opening for 
freelance acquiring editor electronic handbooks, 
troubleshooting manuals, texts. Qualified candi¬ 
date should have successful publishing record, 
good leads to other tech writers, heavy publica¬ 
tion/copy editing experience. Reply: 118 Con¬ 
cord Ave., Oceanside, NY 11572 



NEWEST EDITION-ONE-STOP SHOPPING FOR SWLS 

• RECEIVERS special DX mods • ANTENNAS 

• PRESELECTORS • TUNERS • CALIBRATORS 

• CLOCKS • HEADPHONES • BOOKS • LOGS 


GILFER SHORTWAVE 




Give to the college 
of Your choice. 



YOU’RE UNDER SURVEILLANCE!! 

A HOST OF PEOPLE, AGENCIES, AND COMPUTERS 
ARE BUSY SPYING ON YOU AND YOUR BUSINESS 
EVERY DAY, OFTEN ILLEGALLY.. . . 

HOW TO STOP IT OR DO IT BACK! 



With Each Order You Receive Free Other Material And Literature 
For Investigative Procedure. 

Depending on luck for success 
Is like fishing without bait 




QUIMTRONIX 
Postpaid—P.O. Box 548-RE 
Seattle, Washington 98111 
CIRCLE 8 ON FREE INFORMATION CARD 
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hook-up to any standard oscilliscope. 
High, medium and low range switch for matching 
the impedance to the component being tested. 

Dealer Net $54.95 

See the Yellow Pages for the PTS Servicenter Nearest You or Contact: 

iiiipirf5k pTS ELECTRONICS, INC. 

' tlltll Hil| 111 ® p.o. Box 272 Bloomington, IN 47401 812-824-9331 



Handles 12A with 50% duty cycle. Hams and CBers 
use it for powering mobile transceivers in the home, techs 
use it for a bench supply, hi-fi stores use it to power car 
stereo equipment, and computer owners use it to power 
bunches of floppy disc drives. Features crowbar over¬ 
voltage protection, foldback current limiting, adjustable 
output 11-14V, custom heavy-duty transformer, RF sup¬ 
pression, and easy assembly (all parts except xfrmr/filter 
caps/diodes mount on circuit board). With complete 
assembly instructions. Does not include case. 

TRS-80 CONVERSION 
KIT $109 (3/$320) 

Includes DIP shunts, 250 ns chips for 4 MHz operation, 
and 1 year guarantee. Upgrades 4K TRS-80 to 16K, or 
populates Memory Expansion Module — our novice level 
instructions show you how. Also suitable for APPLE com¬ 
puters. 


H8 COMPATIBLE 12K X 8 

MEMORY BOARD UNKIT $200 



SEND FOR OUR FREE FLYER 
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- frequencies to 60 mHz and up to 600 mHz with the CT-600 option. Large Scale 
Integration. CMOS circuitry and solid state display technology have enabled this counter to 

consumption (typically 300-400 ma) makes the CT-50 ideal for portable battery operation. 
Features of the CT-50 include: large 8 digit LED display. RF shielded all metal case, easy 
pushbutton operation, automatic decimal point, fully socketed 1C chips and input protection 
to 50 volts to insure against accidental burnout or overload. And, the best feature of all is the 
easy assembly Clear, step by step instructions guide you to a finished unit you can rely on 


20 pf direct. 


110 VAC 5 Wails or 12 \ 


FREQUENCY COUNTER KIT 
Outstanding Performance 

_ Incredible Price ^89’ ^ 

CT-50 

SPECIFICATIONS: 

Frequency range 6 Hz to 65 mHz. 600 mHz with CT-600 
Resolution i0Hz<<; 0 1 sec gate. 1 Hz <„ 1 sec gate 

■r measure * 




IE 
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I CLOCK Clock kit, 12:24 hour, DC-5 
ClockwIthtOmlnlD, 


30 Watt 2 mtr PWR AMP 

Isissss 

PA-1.30 W pwr amp kit 
TR-1.RF sensed T-R relay kit 


■HHHESS33BSSDS13HHHH 

FM WIRELESS MIKE KIT 

VIDEO MODULATOR KIT 

mm 

FM-1 kit S23I5 ” FM.2kltS4.95 

HP! 

mm 

POWER SUPPLY KIT^^ 

SSSiSSC?: 

SHIEH5 

B8II8 

Complete kit. WL-l_».95 

Complete kit. SM-3 S2.95 


amsajj BlBBimiiss 
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component tester 
works ifi or out of circuit. Simple 
hook-up to any standard oscilliscope. 
High, medium and low range switch for matching 
the impedance to the component being tested. 

Dealer Net $54.95 

e the Yellow Pages for the PTS Servicenter Nearest You or Contact: 


PTS ELECTRONICS, INC. 

P.O. Box 272 Bloomington, IN 47401 812-824-9331 



TRS-80 CONVERSION 
KIT $109 (3/S320) 


H8 COMPATIBLE 12K X 8 
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THE NEW 
HOBBY WORLD 
CATALOG 


Your source for factory prime, 
professional quality equip¬ 
ment. Computers, add-on 
boards, IC's, sockets, resistors, 
supplies, tools, test equipment, 
books, and more. Shop your buy list at Hobby World. You'll find 
what you want, and at a solid savings. For example, look at 
this month's specials: 

NEW FROM CALIFORNIA COMPUTER SYSTEMS! 

16K STATIC RAM KIT, MODEL XVI. 

IEEE S-100 compatible, requires only +5 Volts. 450 ns, fully buffered. Bank 
switching capability. Phantom Line, wait state, addressable In 4K blocks. 

HOBBY WORLD PRICE ONLY $265 KIT, $27 BARE BOARD 

16K MEMORY ADD-ON FOR APPLE, TRS-80 OR EXIDY SORCERER 

HOBBY WORLD PRICE ONLY $98 (specify when ordering) 

C-10 DATA CASSETTES - PERFECT FOR TRS-80 
PRICE ONLY $2 EACH! 10 for $17.50 


SEND ME A FREE CATALOG! 


Hobby World 

19355 Business Center Dr # 6 
NorthridgeCA 91324 

TELEPHONE ORDERS 
Inside Cal 213 886 9200 
Outside Cal 800 423 5387 
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Solar cell panels, used, OK condition 

20 cell panel, 2" cells 6 volt Vi amp.$ 75.00 

36 cell panel, 12 volt Vi amp.100.00 

24 cell panel, 8 volt .45 amp. 85.00 

10 half cell panel, 5 volt Vi amp...,... 50.00 

5 cell panel, 2.5 volt Vi amp. 40.00 

Single 3.5 inch cell, 1 amp, .45 volt. 8.50 

Solar power kit, 3.5 inch cell, motor, propellor..$ 10.25 

ULTRASONIC room alarm, intrusion detection 

with full data for hookup... 40.00 

SEE IN THE DARK 
IR viewer complete 
ready to operate. 
Guaranteed by the 
manufacturer. 
Portable, runs on 
lantern battery. New, 
see in total darkness. 
No shipments to 
Calif. Comes 
complete with built in 
IR source and 
adjustable focus lens. 
SPL-21 $199.00 

All items FOB Lynn, Mass. Send for free 64 page 
catalog jam packed with goodies. 

Meshna Inc., P0 Box 62, E. Lynn, Mass. 01904 
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“5 iriTEGRflTED 
IB ELECTRDniCS 

540 Weddell Drive, #4, Sunnyvale, CA 94086 (408)734-8470 

SN6477 Complex Sound Generator $3.50 

This is a programmable sound effect generator capable of pro¬ 
ducing a wide variety of sounds from high to low frequency. 
Using this chip & a small number of inexpensive parts, a variety 
of projects may be built. Spec shs & application notes $1.00 

TL500 Analog Processor $8.50 

The TL500 contains all the active analog elements for an auto¬ 
matic zeroing and automatic polarity. It is a 13-bit dual-slope 
A/D converter that has true differential inputs. It requires 3 
caps. & 2 resistors with no special matching or tolerances. It 
is designed for use with the TL502. Spec sheet $ .25 

TL502 Digital Panel Meter L.D. $5.50 

This is a 414-digit Digital Panel Meter L.D. that is designed to 
interface with the TL500 analog processor. It provides base 
drive for external PNP digit & segment drivers providing direct 
interface with 7-segment display. Spec sheet $ .25 

LD130 A/D Converter $5.50 

Single-reference voltage, auto zero and auto polarity. It is de¬ 
signed for Digital Voltmeters, Panel Meters, Digital Thermo¬ 
meters, Microprocessor Interfaces to Analog Signals, 8i General 
Instrumentation. 34-pg. Spec & Application notes $2.50 

MM5865^ Programmable Stopwatch $7.50 

elapse time, start/stop accumulative event time, split, sequential 
total elapse time, rally total elapse time, program up and down 
count. It uses 32.8 KHz crystal or external clock. 













































/'KITS • KITS • KITS'N 

NEW. . . PRE-DRILLED PCB’s FOR ALL 100 SERIES KITS 


Perforated Boards NOT INCLUDED w/100 Series 


103 MINI-WINK NEON FLASHER. Random 
flash pattern. Interesting displays. 6 neon 
lamps. AC operated. 

103.$2.95 

103A (103 w/PCB). 4.60 

103B (103 w/PCB,CASE). 6.85 


110 ELECTRONIC WHOOPER SIREN. 

ful wailing sound. Dual oscillator circuit. Use 
with any alarm circuit. Battery not included. 

$4.95 

110A (110 w/PCB).6.50 

110B (110 w/PCB,CASE).9.60 



117 TUNABLE ELECTRONIC ORGAN. 

7-note scale. Play sing-a-long favorites. Bat¬ 
tery not included. 

117.$6.95 

117A (11/w/PCB). 8.90 

117B(117w/PCB,CASE).12.00 


120 SIREN/CODE OSCILLATOR. Loud, pierc¬ 
ing alarm. Practice Morse code. Battery not 
included. 

$4.20 

120A (120 w/PCB).5.55 

120B(120w/ PCB,CASE)..8.65 

I 


P 

104 VARIABLE STROBE LIGHT. Great for par¬ 
ties and photography. Variable flash rate. AC 
operated. 

104 ... 

104A (104 w/PCB).14.20 

104B (104 w/PCB,CASE).19.70 


126 PROGRAMMABLE DOORBELL. Adjust¬ 
able rate and pitch for 15 musical notes. Play 
favorite tunes. 6 IC’s. Uses existing trans¬ 
former and switch. 

126.$16.95 

126A (126 w/PCB).23.70 

126B (126 w/PCB,CASE).29.20 


Perforated Boards NOT INCLUDED w/100 Series 
109 AUTO/HOME BURGLAR 
ALARM. Use with car horn or 
. models 110 or 124 sirens. Latch- 
ling circuit. Battery not included. 

•".,. $2.25 

109A (109 w/PCB).3.40 

109B (109 w/PCB, CASE) . . 5.00 



114 AUDIO AMPLIFIER. High 
sensitivity, high gain, use as in¬ 
tercom, PA amp, phone pick-up 
and others, push-pull output. Bat¬ 
tery not included. 

.$6.35 

114A (114 w/PCB).8.90 

114B (114 w/PCB, CASE) . 12.00 


* 


102 6/9 VOLT SUPPLY. 100mA. Battery eliminator, dual 
range output switch, neon pilot lamp. AC operated. 

102.$3.95 

102A(102 w/PCB).5.30 

102B (102 w/PCB, CASE).7.25 

119 MOTOR SPEED CONTROL. ^ 

Adjust motor speed to suit applica- p\JB 

tion. SCR controlled, use as light 

dimmer. AC operated. /llL 

119.$3.95 ■ 

119A (119 w/PCB).5.50 J 

119B (119 w/PCB, CASE) . . 7.75 




123 ELECTRONIC TIMER. Turns 
appliances on and off, adjustable 
control, 2 minutes to 1 hour. 1 1C, 
AC operated. 

123.$8.95 

123A (123 W/PCB).11.40 

123B (123 w/PCB, CASE) . 13.65 


540 BINARY CLOCK. Handcraft tomorrow's timepiece 
today. Watch constantly changing patterns of LED’s as 
they display Binary Time. This unique clock project en¬ 
hances the learning of Digital Logic and the Binary Coding 
System, as well as offering a beautifully styled conversa¬ 
tion piece. 

10 TTL INTEGRATED CIRCUITS • VOLTAGE REGULATOR 
43,000 PULSATING LIGHT PATTERNS • FAST, SLOW 
AND HOLD CONTROLS • 115VAC 50 or 60Hz. 


536 8-TRANSISTOR AM RADIO. Experience jew< 
clarity in sound. The best superheterodyne kit circuit 
available. SEPARATE LOCAL OSCILLATOR for high sensi¬ 
tivity and excellent selectivity. Unique IF Transformer 
mounting system. 9V battery required (not included). 


DO NOT SEND CASH • NO COD • ORDE ] NE OR MAIL 

CALIF. RESIDENTS ADD 6% SALES TAX. 

MINIMUM ORDER $10.00 SEND CHECK OR 

WE PAY POSTAGE AND HANDLING MONEY ORDER TO: 

ADD't5y?0 E F R TOTAL C FOR T p R oilAGE. 1751 McGaw Avenue PeptT 2 Irvine 



Perforated Boards NOT INCLUDED w/100 Series 

m 


124 WARBLING SIREN. Two-tone oscillating 
siren. Loud and penetrating, 2 IC's. For auto¬ 
mobile or other 12 volt systems. 

124.$5.65 

124A (124 w/PCB).7.10 

124B(124w/PCB,CASE). ..10.20 




105 FISH CALLER. Clicking sound imitates 
distressed fish. Adjustable speed. Battery 
not included. 

.$2.95 

105A (105 w/PCB). 4.10 

105B (105 w/PCB,CASE). 5.70 




\ 


107 COLOR ORGAN CONTROL - 3 CHAN¬ 
NEL. Over 200W per channel. Separate sensi¬ 
tivity control. Hi-mid-lo frequency response. 
AC operated. 

107.$9.20 

107A (107 w/PCB).11.1 

107B (107 w/PCB,CASE).14.! 


118 TV SCRAMBLER. Tunable to all VHF sta¬ 
tions. 30 foot range. Battery not included. 

118.$1-95 

118A (118 w/PCB). 2.90 

118B (118 w/PCB,CASE). 4.50 


122 COMPUTER SOUND EFFECTS GENERA¬ 
TOR. Produces weird, spacey sounds. 4 IC’s. 
Control tone, rate and blip or glide. Battery not 
included. 

122.$14.95 

122A (122 w/PCB).19.40 

122B (122 w/PCB,CASE).24." 


We accept: 

VISA, 

MASTER CHARGE BANKA MERICARD. 

CALL TOLL FREE 

800 - 824-5136 


CALIFORNIA CALL 800-852-7631 

ASK FOR OPERATOR 318 

International, Inc 
CA 92714(714) 540-5480 
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Real -State-of-the -Art 

V* TWO NEW AC#DC#BATTERY PORTABLE COUNTERS 


OPTO-80OO .1A 10Hz to 600 MHz - FREQUENCY COUNTER 


ACCESSORIES 


• Precision TCXO time base 0.1 PPM Stability 17-40°C 

• Super Sensitivity with preamps in both Hl-Z & 50 Ohm inputs 
<10mV to 50MHz, 25 mV @ 150 MHz<50mV to 600MHz 

• Auto Decimal Point • Aluminum Case • Socketed IC’s 

• Three position attenuator: XI, X10, X100 (avoids false 


counting) 

#OPTO-8000.1 A Factory Assembled .$329.95 

#OPTO-8000.1 AK Kit Form .$279.95 

#NI-CAD-80 NI-CAD Battery Pack.$ 19.95 


OPTO-7000 10 Hz to 600 MHz MINIATURE COUNTER 

• XTAL (TCXO) Time Base ±.08PPM/°C 

• Aluminum Case • Hl-Z & 50 Ohm inputs 

• 1 Sec. & 1/10 Sec. Gate times • Auto Dec. Pt. 


PROBES: 


#P-100 50 Ohm, IX.$13.95 

# P-101 Lo-Pass. 16.95 

#P-102 Hl-Z, 2X. 16.95 


# AP- 8015 UHF Counter Preamp 20 MHz to 
600 MHz 15-50 DB Gain 
(Not Shown).. $49.95/Kit $39.95 


#D-450 Antenna 

Rubber Duck RF Pick-up 450 MHz ... $12.50 
#D-146 Same as above 

146.5MHz.$12.50 

#RA-BNC Right-Angle BNC Adapter for 
above Antenna. 2.95 



• Built-in Prescaler and Preamps Standard 
#OPTO-7000 Factory Assembled - 1 Year-Guar.. $139.95 


#OPTO-7000K Kit Form. 99.95 

#AC-70 AC Power Pack. 4.95 

#NI-CAD-70 NI-CAD Battery Pack. 19.95 

#TCXO-70 Precision TCXO Time Base 

<0.1 PPM, 17-40°C.79.95 


OPTOELECTRONICS, INC. 


ORDER FACTORY DIRECT - PHONE OR MAIL 

TERMS: Orders to U.S. and Canada, add 5% to maximum of $10.00 per order 
for shipping, handling and insurance. To all other countries, add 10% of total or¬ 
der. Florida residents add 4% state tax. C.O.D. fee: $1.00. Personal checks must 
clear before merchandise is shipped. 


5821 NE14 Avenue 
Ft. Lauderdale, FL 33334 
Phones: (305) 771-2050 771-2051 
Phone orders accepted 
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COMPUTER INTERFACES & PERIPHERALS 

For free catalog including parts lists and schematics, send a self-addressed stamped envelope. 


APPLE II SERIAL I/O 
INTERFACE * 

Baud rate is continuously adjust 
from 0 to 30,000 • Plugs into any periph- 


output • On board switch 
lo 8 data bits. 1 or 2 stop 
bits, and parity or no parity either odd or 
even • Jumper selectable address • 

SOFTWARE • Input and Output routine 
from monitor or BASIC to teletype or other serial printer. 
• Program for using an Apple II for a video or an intelli¬ 
gent terminal. Also can output in correspondence code 
to interface with some selectrics. Board only — $15.00; 
with parts — $42.00; assembled and tested — $62.00. 


MODEM* 


Part no. 109 

• Type 103 • Full or half 
duplex • Works up to 300 
baud • Originate or Ans¬ 
wer • No coils, only low 
cost components • TTL 
input and output-serial • 

Connect 8 ohm speaker 
and crystal mic. directly to board • Uses XR FSK 
demodulator • Requires +5 volts • Board $7.60; 
with parts $27.50 



DC POWER SUPPLY* 

• Board supplies a regulated +5 volts 

at 3 amps., +12, -12, and -5 volts at 3 Kh 

1 amp. • Power required is 8 volts AC 

at 3 amps, and 24 volts AC C.T. at 1.5 

amps. • Board only $12.50; with IfpKK 

parts excluding transformers $42.50 SHIl 


TAPE INTERFACE* 


Part no. Ill 

• Play and record Kansas 
City Standard tapes • 
Converts a low cost tape 
recorder to a digital re¬ 
corder • Works up to 1200 
baud • Digital in and out 
are TTL-serial • Output of 
board connects to mic. in 
of recorder • Earphone of 
recorder connects to input < 



w power drain • Board $7.60; 


ELECTRONIC SYSTEMS Dept. RE-9 RQ Box 21638, San Jose, CA. USA 95151 


, wun pans 

[ELEC 

f To Order: 


T.V. TYPEWRITER 


Part no. 106 

• Stand alone TVT 

• 32 char/line, 16 
lines, modifications 
for 64 char/line in¬ 
cluded • Parallel 
ASCII (TTL) input • 
Video output • IK 


Non-destructive cursor • Cursor inputs: up, down, left, 
right, home, EOL, EOS • Scroll up. down • Requires +5 
volts at 1.5 amps, and -12 volts at 30 mA • All 7400. TTL 
chips • Char. gen. 2513 • Upper case only • Board only 
$39.00; with parts $145.00 



TIDMA* 



Part no. 112 

• Tape Interface Direct Memory Access • Record 
and play programs without bootstrap loader (no 
prom) has FSK encoder/decoder for direct con¬ 
nections to low cost recorder at 1200 baud rate,, 
and direct connections for inputs and outputs to a 
digital recorder at any baud rate. • S-100 bus com¬ 
patible • Board only $35.00; with parts $110.00 


UART & BAUD RATE 
GENERATOR* 



generator • Baud rates: 110, 

150 , 300, 600, 1200, and 
2400 • Low power drain +5 
volts and -12 volts required 

• TTL compatible • All characters contain a start bit, 5 to 
8 data bits, 1 or 2 stop bits, and either odd or even parity. 

• All connections go to a 44 pin gold plated edge connec¬ 
tor ••Board only $12.00; with parts $35.00 with connector 
add $3.00 


I 


8K STATIC 
RAM 

Part no. 300 

• 8K Altair bus memory 
Uses 2102 Static memory chips • Mem¬ 
ory protect • Gold contacts • Wait states • On 
board regulator • S-100 bus compatible • Vector 
input option • TRI state buffered • Board only 
$22.50; with parts $160.00 



RF MODULATOR* 


Part no. 107 

• Converts video to AM modu¬ 
lated RF, Channels 2 or 3. So 
powerful almost no tuning is re¬ 
quired. On board regulated 
power supply makes this ex¬ 
tremely stable. Rated very 
highly in Doctor Dobbs’ Journal. Recommended 
by Apple. • Power required is 12 volts AC C.T., ■ 
+5 volts DC • Board $7.60; with parts $13.50 



RS 232/TTY* 
INTERFACE 


Part no. 600 

• Converts RS-232 to 20mA 
current loop, and 20mA current 
loop to RS-232 • Two separate 
circuits • Requires +12 and -12 
volts • Board only $4.50, with 
parts $7.00 


RS 232/TTL* 
INTERFACE 


Ufa* 


Part no. 232 

• Converts TTL to RS-232, 
and converts RS-232 to 
TTL • Two separate circuits 

• Requires -12 and +12 volts 

• All connections go to a 10 pin gold plated edge 
connector • Board only $4.50; with parts $7.00 
with connector add $2.00 


Mention part number and description. For parts kits add "A" to part number. In USA. shipping paid for orders accompanied by check, rr 
Master Charge, BankAmericard, or VISA number, expiration date and signature. Shipping charges added to C.O.D. orders. California residents add 6,5% 
for tax. Outside USA add 10% for air mail postage, no C.O.D.'s Checks and money orders must be payable in US dollars Parts kits include sockets for all 
JCs, components and circuit board. Documentation is included with all products. All items are in stock, and will be shipped the day order is received 
first class mail. Prices are in US dollars. No open accounts. To eliminate tariff in Canada boxes are marked "Computer Parts." Dealer inquiries inviti 
24 Hour Order Line: (408) 226-4064 * circuits designed by John Bell 
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CORPORATION 

Quality Electronic Components 


1 - 800 - 346-5144 


TOLL 


278-687-6674 


t M 8080 A| 

K H nJ 


DOUBLE DIGIT DISCOUNTS 


VOLUME 

DISCOUNT 



• 2102AN-4L 

$44.*9 5 

S 50.00 $99 99 Add 50.25 S 500.00 5999 99 . Less 20°« 

5100.00 & Up ... No Chorge 51000.00 A Up ... less 25°. 
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15 MHz. Trigger Sweep Scope WO-527A 


Before you buy, check our prices... d 
Call TOLL FREE (800) 645-9518- 
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IS THE ANSWER 

HELP NATESA HELP YOU 
BY DOING YOUR PART 

Are YOU the operator of an 
ethical, professional caliber tv- 
radio-home electronics service 
business? 

Write for details on how you can 
gain great benefits and participate 
in the destinies of this great 
industry. 

NATESA 

T 5908 South Troy Street 
Chicago. Illinois 60629 
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Meet CSC’s Logic Monitor LM-1. 

The fastest, most efficient way to 
check digital DIP IC’s. A self-powered, 
precision instrument that automatically 
senses and displays the static and dynamic 
states of every node on any DIP up to 16 pins at 
once. Instantly. Accurately. And safely. Speeds 
design and testing on all types of DTL, TTL, HTL and 
CMOS logic. 

Use LM-1 to trace signals through counters, 
shift registers, gating networks, flip-flops, decoders 
... any type of circuit or system, even with mixed 
logic families. Cutting minutes—often hours—from 
design, development, debugging, production testing, 
QC, field service and repair. 

Nothing could be simpler to use. Just clip it over 
any DIP up to 16 pins, and the LM-1 does the rest. 


insure positive connec¬ 
tions between non- 
corrosive nickel-silver 
contacts and 1C leads. Each 
contact connects to a single “bit" 
detector with high-intensity LED readout, 
activated when the applied voltage level exceeds 
a fixed 2V threshold. Logic “1" (high voltage) turns 
LED on; Logic “O" (low voltage or open circuit) keeps 
LED off. A power-seeking gate network automatically 
locates supply leads and feeds them to the Logic 
Monitor’s internal circuitry. 

Very clever. Very portable. Very effective. And 
very reasonable, at $59.95* Order today. 

NEED MORE INFORMATION? CALL 
203-624-3103 to order, or for the name of 
your local distributor. Prices slightly higher outside 


Precision plastic guides and unique flexible web USA. 

CONTINENTAL SPECIALTIES CORPORATION 


Corporate Headquarters: 
Continental Specialties Corporation 
70 Fulton Terrace, Box 1942, New Haven, CT 06509 
351 California St., San Francisco, CA 94104 
(415) 421-8872, TWX 910-372-7992 


I Europe, Africa, Mid-East: CSC UK LTD. 

I Shire Hill Industrial Estate, Units 1 and 2 
Saffron Walden, Essex CB11 3AQ 
I Telephone: SAFFRON WALDEN 21682 
I Telex: 817477 


®1978, Continental Specialties Corporation. 'Manufacturer's suggested retail. Prices, subject to change without notice. 
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We double guarantee it.* 


Exclusive 

Octopole Construction. 

I That’s eight magnets set in eight 
different directions to give you a 
magnetic seal so complete and 
powerful, your antenna would stay 
I up there if you could squeeze 
between two semis passing each other at 180 
miles an hour. That’s magnetic octopower. 


Exclusive K40 Flux Harmonics 
for Greater Transmission. 

The magnetic radiation pattern was designed to 
match the K40 antenna radiation for greater dis¬ 
tance than the standard K40. See our guarantee. 

The facts: Physics and Physical. 

1. Magnamount is a bigger, stronger magnet—in 
fact it’s 8 bigger, stronger, magnets. 

2 . It doesn’t just hold the K40 antenna, it helps 
it transmit further. 

3 . Remember the law of reciprocity. The an¬ 
tenna that transmits better, receives better. 

4 . It provides a flatter, lower SWR because the 
Magnamount is capacitance grounded. ^ 

5 . It puts your % wave K40 antenna securely in 
place in the most advantageous place to work 
against a ground plane—high and free from 
obstruction. That’s square in the middle, right 

upontop $15.95 buys it. 

mm m Wk m m (suggested retail) 

K40 Magnamount. 

American Antenna 1945 South Street Elgin, Illinois 60120 

This professional CB equipment available only through Registered K40 Dealers! 


* GUARANTEE I 

Placed on the roof of a vehicle; properly tuned, the K40 
Magnamount is guaranteed to transmit a further distance 
than a standard K40 without the Magnamount or you will 
receive a prompt and full refund from your K40 dealer 
who installed and tuned the Magnamount K40 for you. 

* GUARANTEE D 

Materials and workmanship are guaranteed for a full 12 
months. Any part that fails to perform satisfactorily will 
be replaced absolutely free. 
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